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4.0 ESTIMATION OF ANNUAL COPPER LOAD FOR SAN DIEGO BAY

The annual copper load for San Diego Bay was estimated using available data and several conservative
assumptions. The following subsections summarize the point and nonpoint source estimates, discuss
the assumptions made to arrive at the estimates, and presents 2 simple tidal prism model of San Diego

Bay.
4.1 " SUMMARY OF POINT AND NONPOINT SOURCE ESTIMATES

The annual copper load for San Diego Bay is estimated to be 37,589 kg (82,818 pounds). This annual
mass loading of copper is the equivalent of an average daily load of 103 kg (227 pounds). Table 4-1
summarizes copper loading from point and nonpoint SOUrces. Figure 4-1 depicts the copper load
contribution from each source in terms of mass (kg and pounds) and as 3 percentage of the total load.
A review of Table 4-1 and Figure 4-1 indicates that input from antifouling hull paints (including in-
water hull cleaning, passive {eaching and ship and boat yard paint removal activities) followed by wet
weather flows are by far the greatest contributors 1o the copper loading of the bay (90 percent).

Contributions to. the estimated anpual copper load to San Diego Bay are:
= Antifouling hull paints (includes copper from leaching, hull cleaning, and ship and boat
yards) 82.2 percent (30,896 kg)
' Wet and dry weather flows 11.2 percent (4,205 kg)
= Transfer of copper from sediment to water 6.0 percent (2,240 kg)
= Other identifiable sources include 0.48 percent (181 kg) from the SDG&E South Bay

Power Plant, 0.06 percent (21 kg) from rainfall, and 0.11 percent (41 kg) from
atmospheric deposition
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Suite 640

San Diego, CA 92108
£19-718-9676

Fax 619-718-9698

December 6, 1996

\ir. Arthur Coe
Califormsa Regional Water Quality Control Board
<ar Dizr Region ’

LT Clarzmont Mesa Boulevard, Suite A
San Diegu. California 92124

Report of Copper Loading to San Diego Bay, California ‘
For the San Diego Bay Interagency Water Quality Panel .

Dear Mo Coe:

Enclosed s the above-referenced report prepared by PRC Environmental Management, 1nc. (PRC).
This report presents descriptions of the methods used, assuruptions made, and work completed t0

(1) estimate the mass of copper released to water and sediment from anti-fouling hull paints, (2)
estimate the mass ransfer of copper between water and sediment, (3) summarize the copper loading t0
San Diego Bay from stormwater runoff and dry weather flows report by Woodward-Clyde Consultants
(WCC), and (4) estimate the total annual waste load of copper o the bay. The data used in the
analyses and the compurations used to arrive at the estimations, as well as the WCC report in 1fs
entirety, are included as appendices o the repott.

If you have any questions 0f comments, please call me at (619) 718—9676.

Sincerely, ‘
ye
/)’/w 7? ,/

Peter M= S{ang, RG
Project Manag

Enclosures (8)
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Exampl

NPDES Permittees

Shipyards, dewatering facilities, power plants

Upstream Reservoirs

Sweetwater Reservoir, Otay Lakes, copper sulfate additive

Groundwater Base Flows

Upstream groundwater basins

Illegal Discharges

Dtimping, improper plumbing, boatyard washing

Incidental Discharges

Car washing, irrigation return flow, fire fighting

The largest potential source of dry weather copper in most urban areas is from NPDES permirtees.

However, in San Diego most of these discharges have been eliminated since 1964. The WCC estimates

of copper contributions for wet and dry weather flows are as follows:

(copper background)

not significant in total copper loading.

S ;‘F‘S.Oi'lvr(.:ez-;' e

Wet-weather runoff
Total Copper 1,288 2,471 2,834 5,436
Dissolved Copper 909 1,642 1,999 3,613
Bayside Indusirial
Stormwater
Airport (Lindbergh Field) >0 379 >0 833

o >0 39 >0 85
Naval Facilities ~0 43 >0 96
Shipyards/Industrial
Reservoirs (copper sulfate)
Sweetwater 410 1,273 902 2,800
Otay 0 0 0 0
Otay River Amount likely to be extremely small and

Hlicit connections

Illegal disposal

Copper load not possible to estimate with existing data. These are
definitely a source of copper greater than zero; there are no published darta
rate information to develop an estimate.

Or concentration and flow

Total

1,698 4.205

3,736

For the purposes of this study, the most conservative (high range) values presented in the WCC report

were used. The WCC report includes comments regarding most of the estimated copper load values.

The results of the study of wet and dry weather flows by WCC yield an estimated load of copper to San
Diego Bay of 4,205 kg per year.
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3.4 NONPOINT SOURCE COPPER RELEASES

WCC submitted a report (Appendix A) analyzing the conuribution of copper from stormwater runoff
and dry weather periods. According to the report, annual copper Joading from storm water flows were
estimated using spreadsheets in a watershed-based approach. Watersheds draining into San Diego Bay
were defined by area, land use, impervious cover, theoretical and sampled runoff copoer'
concentrations, and average annual precipitation. This information was used to estimate .wet—weather

copper loading. Informational sources used for the study included:

| Source o ‘Data Provided” i

Federal Highway Administration Event mean cOncentrations for transportation corridors
1990

City of San Diego and Co- Event mean concentrations for urban land uses
Permittee National Pollutant .
Discharge Elimination System
(NPDES) Stormwater Monitoring
Program 1993-1996

National Urban Runoff Program Event mean concentrations for parks and open land
Santa.Clara Valley and Bay Area Event mean concentrations for parks and open land
Stormwater Monitoring Programs

19871994, 1996

County of San Diego Hydrology Average annual precipitation by watershed
Manual 1985

San Diego Association of Percent impervious COVer. watershed area
Governments 1990 GIS _
Generalized Land Use : J

Coniributions of copper during dry weather periods potentially include discharges from NPDES
permittees, releases from upstrearmn Ieservoirs, groundwater base flows, illegal discharges, and

incidental flows. Some examples of these types of flows are as follows:
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(in water) or sorbed (in sediment). Therefore, a simple estimate of the concentration in water and
sediment using equilibrium partitioning is not applicable. Because copper is present as particulate
matter (paint chips, copper slag debris, copper ore debris, and naturally occurring copper containing
minerals) equilibrium partitioning cannot be used to estimate the flux (adsorption or desorption) of

copper between sediment and water.

However, the Navy's benthic flux chamber attempts to measure concentrations of constituents ar the
sediment-water column interface by creating a small control volume which is monitored over time. A
knife-edge enclosure is used to sea] the control volume against the bay floor, oxygen content of the
control volume is then controlled to the greatest extent possible. An onboard data logger collects data
from several sensors mounted in a flow-through loop including pH, salinity, temperature, and oxygen
content. Water samples are collected over time and analysis of the water samples provides
measurement of the change in concentration of chemicals of interest, including copper. The typical
deployment period is less than 72 hours and sample analysis from the device can be used as an

indication of fluxes over a larger benthic surface area.
3.3.2 Spatial Variability

Figure 3-1 shows a compilation of sediment data collected during one previous study (California
Department of Fish and Game 1995). These data indicate that sediment copper concentrations are
highly variable, except for a number of "hot spots” where there have been consistent, long term, point
discharges of copper. Locally high sediment copper concentrations are attributable to the presence of
storm drain outfalls, hull cleaning, and other point discharges such as the PACO Ore terminal, where

copper ore was spilled into San Diego Bay for a number of years (Valkirs and others 1994).

The whole bay median sediment copper concentration in oné study was found to be 88 mg/kg based on

the BPTC data (California Department of Fish and Game 1993) and ranged from 6.0 to 660 mg/kg.

Fluxes for certain metals from the 1993 and 1995 San Diego Bay deployments of the Navy's benthic
flux sampling device show some consistent relationships for certain metals. Manganese (Mn), zinc
(Zn), nickel (N 1), and cadmium (Cd), forﬂexample, show fairly consistent fluxes out of the sediments.

However, the remaining metals, including copper, show variable behavior with fluxes both inro and out

20 ’ S:\COPPER\SDBAY.REP



EXECUTIVE SUMMARY

The San Diego Bay Interagency Water Quality Panel (SDBIWQP) asked PRC Environmental
Management, Inc. (PRC) to: () estimate the mass of copper transferred from ship and boat antifouling
paints to San Diego Bay; (b) estimate the mass of copper transferred between sedlments and water in
San Diego Bay; (c) estimate the annual load of copper 10 San Diego Bay; and (d) prepare this report
describing the above research. SDBIWQP also separately asked Woodward-Clyde Consuitants (WCQG)
t0 estimdte the mass of coppef discharged to San Diego Bay as a result of storm events and dry weather
periods. This estimate and the associated WCC report are summarized in this document and presented

as Appendix A.

Copper currently enters San Diegb Bay water and sediment from several dist'mét sources. Copper-
containing antifouling ship and boat hull paints comprise the single largest source. Copper is also
dxscharged to the bay during stormwater flows and dry weather perxods Copper is apparently
accidently discharged from ship and boat yards through the loss of removed copper antifouling paimnt
and some paint removal blasting media. Another source is the San Diego Gas and Electric (SDG&E)
South Bay Power Plant. Although the transfer of copper between sediment and water in San Diego Bay
may be at or near equilibrium throughout the bay, we have conservatively estimated that the bay

sediments exhibit a net release of copper from sediment t0 Water.

With the implementation of best management practices at industrial sites within the San Diego Bay
watershed (including shipyards and boatyards adjacent to the bay), copper loading from these sOUICes
has likely been reduced in recent years. Copper loading from the passive leaching of antifouling paints.
is directly related to the rate of copper release from applied paints and the total wetted hull surface area
of vessels coated with copper-containing antifouling paints. Copper loading from in-water hult cleaning
activities in San Diego Bay 1s deperdent on the frequency of cleaning, the age of the hull paint, and

variations in the methods used to clean the vessels.

The total annual copper load to San Diego Bay is estimated to be 37,589 kilograms (kg) (82,818
pounds). Contributions to the estimated anmual load include: 28, 804 kg (63,484 pounds) from copper
containing antifouling hull paints, including 12,747 kg (28,094 pounds) of copper released during in-

water hull cleaning and 16,057 kg (35,390 pounds) of copper released by passive leaching; 2,092 kg

ES-1 S:\COPPER\SDBAY.REP



The average of the 24-hour interval APCD copper concentrations from 1990 to 1995 is 6.32x10™
kg/m’® which can be used for C(t). The surface area of the bay is 4.15x10’ m?, the value for S. An
overall year around average of 2 micrometers (um) was chosen by WCC (WCC 1996) for particle size,
and is used here for consistency berween the two reports. The average annual wind speed measured at
Lindbergh Field is 3.1 m/s. Usinga «smooth sea” surface roughness factor of 0.02, a friction
“velocities table referenced by WCC (WCC 1996) shows that the friction velocity for this particle size is
13.3 m/s. The closest plot of particle diameter versus deposition velocity is for 10 cmv/s which

corresponds to v4(t) = 5x10% m/s. Solving for deposition into the bay per year:

F(yeér)':-— (6.32x10™ kg/mP)(5x10™ m/s)(4.15x10’ ml.)(3.1536x107 s/year)
= 4] kg copper per year

33 TRANSFER OF COPPER BETWEEN BAY SEDIMENTS AND WATER

An assessment of long-term trends in cOpper loading in San Diego Bay requires the study of bay
sediments and interaction with the overlying water column. Sediments, water chemistry, presence of
organic matter and, to a lesser extent, tidal currents all play important roles in San Diego Bay

responses to copper loading.
3.3.1 ' Historical Data

Copper in San Diego Bay sediments and water has been the focus of much past study. These studies
have been conducted by NCCOSC RDT&E Division, Center for Coastal Studies, Scripps Institute of
Oceanography, State of California Department of Fish and Game, and by graduate students at various
universities. The most important of these studies in estimating the transfer of copper between sediment
énd water in San Diego Bay 'mciude data collected through use of a benthic (ocean floot) flux chamber
developed by the Navy that measures in situ flux of contaminants between sediment and water. The
data shdw little change in sediment copper concentrations during an interval of a decade at certain sites

(Valkirs and others 1994). These results are discussed in the following subsections.

Simple equilibrium phase partitioning to estimate the concentration of copper in sediment based on the

concentration in water (or vice versa) cannot be performed because cOpper is not exclusively dissolved
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3.2.5 Other Identifiable Sources

SDG&E has reported copper released to the bay in cooling water from the South Bay Power Plant.
Based on SDG&E calculations, the amount of copper released from all condenser and salt water heat
exchanger tubes is estimated to be between 136 and 181 kg per year, or approximately 0.37 10 0.50 kg
per day (Peterson 1996). '

The copper contained in rainfall falling onto the surface of the bay each year is an 1denufiable loading
source. The San Diego office of the National Weather Service (NWS) was contacted regarding average
yearly rainfall in San Diego. NWS indicated that the San Diego region receives an average 9.90 inches
(0.251 m) of rainfall annually. NWS staff were unaware of any data fhat have ever been collected
regarding chemical composition of the rain that falls in the San Diego region. An estmate of the
amount of copper contributed by rainfall is still possible, however, by assuming that the copper
concentration in rain is equivalent to the ambient sea water concentration of 2.0 ug/L (2x107 kg/L).

The mass of copper contributed each year to the bay from rain falling directly onto the surface can then
be calculated by multiplying the surface area of the bay (4.15x10" m?) by the annual rainfail (0.251 m)

and the concentration of copper in the rain (2x10° kg/m®). The result is 21 kg/year.

Air deposition into San Diego Bay is also an identifiable source of copper loadmg The County of San
Diego Air Pollution Control District (APCD) has collected data on air pollutants, including copper,
from its monitoring stations in EI Cajon and Chula Vista since 1990. Because Chula Vlsta is located
adjacent to the bay, WCC (WCC 1996) is using APCD polynuclear aromatic hydrocarbon (PAH) data
from the Chula Vista monitoring station to estimate air deposition of PAHs into the bay for the
SDBIWQP. Their approach is followed in this study for air deposition of copper 10 maintain

consistency between the reports for SDBIWQP use.
The following relationship was used by WCC to estimate deposition into the bay per unit time, F(t):

F@) = Ctv,(H)S
where  C(t) = ambient air concentration (kg/m?*)
v4(t) = deposition velocity (m/second(s])

S = total surface area for deposition (m?)
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The annual estimate of 1,418 kg of copper for the four ship yards seems reasonable based on the
18,000,000 to 27,000,000 kg (20,000 to 30,000 tons) of spent abrasive being generated annually by
hull blasting operations (Austin 1996). Unspent COPper slag contains approximately 2,000 mg/ke of
copper (Austin 1996). It is used to blast steel hulled vessels in the ship yards. Spent copper slag can
contain in excess of 3,000 mg/kg of cOpper. At 3,000 milligrams (3x10° kg) of copper per kg of
waste, the estimated 1,419 kg of copper lost from the ship yards represents a loss of 0.3 percent of the

spent abrasive used.
Commercial Basin and South Bay Boat Yards

The sediments of Commercial Basin exhibit elevated concentrations of copper. The average copper
concentration in four samples reported in a summary of Bay protection Toxic Clean-up (BPTC) data
for Region 9 (California Department of Fish and Game 1995) is 297 mg/kg. The background cOpper
concentration for the basin was assumed 10 be equivalent 10 the average of the ship yard sediment
background which is 126 mg/kg COPPer. The area of Commercial Basin can be appmx'unated as a
rectangle with 700 m sides (north to south) and 520 m sides (east t0 west). The estimated impacted
sediment area 1s 364,000 m’. Assuming that the boat yards located in Commercial Basin are the only
contributors to the copper in the sediments and using the same parameters as for ship yards, the

V gstimated copper load from the four boat yards is 539 kg per year O 135 kg per boatyard per year.
This estimate is likely conservative because it assumes all the sediment 1S impacted at the samé level as
the BPTC sampling station located near 2 poat yard, and it does not account for accumulation of copper

in sediment from passive leaching of copper Of from in-water hull cleaning activities.

No data were available for the South Bay Boat Yard at the time of this report. For the purposes of the
load estimation it is conservatively assumed that the boat yard contributes 135 kg annuaily, an amount
of copper equal {0 25 percent of the load from the four yards in Commercial Basin. The total estimated
annual copper loading to San Diego Bay from the five boar yards Is 674 kg. The total estimated annual

copper load on San Diego Bay from all boat and ship yards is 2,092 kg.

17 S:\COPPER\SDBAY.REP




1.0 INTRODUCTION

The San Diego Bay Interagency water Quality Panel (SDBIWQP) asked PRC Environmental
Management. Inc. (PRC) to: (3) estimate the mass of copper transferred from ship and boat antifouling
paints 10 San Diego Bay: (b) esumate the mass of copper transferred'bemeen sediments and water inl
San Diege Bav i) estimate the ‘mnual joad of copper on San Diego Bay; and (d) preparé this report
describins "o 3DOVE research SDBIWNP also separately asked Woodward—Clyde Consultams (WCO)
[0 eslirmas & e St ooppeT Lo DTEE San Diego Bay as 2 result of storm eVents and dry weather
periods setimate ADG INE SRS -iates WCC report aré smhmarized in this document and presented

as Appenssit &

Copper <uirTnby enters San Do Bav watel and sediment from several distinct SOUrces. Co@per—
contamng ,aniouling ship and ~;at hull pants comprise the single largest source. Copper is also
dischargse e hav following sorm events and during dry weather periods. Copper 1s apparently
accidently discharged from snip and boat vards through the 10sS of removed COPPET antifouling paint
and some pamnt removal blasung media. Another source is the San Diego Gas and Electric (SDG&E)
Soﬁth Bay Power Plant. Although the rransfer of cOpper petween sediment and water in San Diego Bay
may be at or near equilibrium throughout the bay, we have conservatively estimated that the bay

sediments exhibit a net release of copper from sediment to WateT.

Historically, prior t0 settlement and substantial industrialization of San Diego, copper loading to San
Diego Bay occurred paturally fhrough sediment deposition from stormwater runoff. This deposition
could be viewed simply as the transfer of earths crustal material from land to sea. In the Twentieth
Century, San Diego Bay development had reduced the natural sediment joad to the bay by diverung the
San Diego River and damming the gweetwater and Otay Rivers. Current activities that provide cOppet
loading to the bay. include industrial discharges, the use of copper»comam‘mg ship and boat hull

antifouling paints, null cleaning, boat and ship yards, and urban stormwater runoff.

Comparing the crustal abundance of coppet on a geologic scale with the sediment concentrations in San
Diego Bay demonstrates the magnitude of the impact of development activities on the bay. The whole
earth average packground crustal copper concentration is 50 milligrams Per kilogram (mg/kg); in

seawater, the average global concentration is 0.5 micrograms pPer liter (ng/L) (Krauskopf 1979).

1 - §ACOPPER\SDBAY.REF



background sediment concentration is 288 mg/kg copper. The estimated copper load is 222 kg per

year.
Southwest Marine

The area of elevated sediment COpper concentration at the Southwest Marine ship yard was estimated
by inscribing a rectangle on a kmap of the ship yard from Pier 1 to Pier 5 (approximately 317 m in
length north to south) and out into the bay 213 m (east to west). The average sediment copper
concentration is 794 mg/kg. The background sediment concentration is 190 mg/kg copper. The

estimated area is 67,648 m?. The estimated copper load is 354 kg per year.

NASSCO

The area of elevated sediment copper concentration at the NASSCO ship yard was estimated by
inscribing a rectangle on a map of the ship yard from Berth 11 to Berth 2 approximately 396 m in
length (north to south) and out into the bay 213 m (east to west) and adding a right triangular area
inscribed from the south edge bf Berth 2 to a shoreline point opposite the most southerly sampling
location, NSS-17. The base of the right triangle (north to south) measures approximately 386 m with a
| height (east to west) of 396.2 m. The estimated area of sediment impact is 152,933 m®. The average
sedimeht copper concentration is 565 mg/kg. The background sediment concentration is 23 mg/kg

copper. The estimated area is 152,933 m?. The estimated copper load is 718 kg per year.

The estimated total annual copper loading to San Diego Bay from the four ship yards is 1,418 kg.
Appendix B contains the calculations used to arrive at the loading estimate. The total annual load is
most likely a conservative estimate. The approximation does not allow for copper released\by passive
leaching from ship hull paints. 1t also assumes that no mixing of sediments occurs. The data more
likely represems the mean copper loading since the last dredging operations because sediment mixing
and homogenizarion wil] average the sediment copper concentration. If best management practices
have reduced the copper load in recent years, then these annual ship yard loads have been

overestimated and are lower.,
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«owever, VanderWeele has documented a concentration of 2.0 pg/L for southern California coastal

ocean water at a sampling station off La Jolla, California (VanderWeele 1996). Considering that the

bay has received a historical loading of copper through sediment transport and an;hmpogenic copper
sources, 50 mg/kg is relatively close to the bay-wide median sediment copper concentration of 88
mg/kg and within one order of magnitude of the highest recorded sediment copper concentration found
during an August 4, 1993 field survey of 660 mg x2 1California Department of Fish and Game 1995).

This concentration of 660 mg/kg is exclusive * =i ated copper concentrations previously identified

and remediated by source removal at the P = CUTAIAL I Tt alor 013 copper ore loading
facility.
This report estimates of the annual copper ieac i san Diego Bay  Secuon | is an introduction to the

subject of the report. Section 2.0 describes the work performed to esumate the copper loading.
Section 3.0 describes the methods and assumptions used to esumate the contribution of copper from
point sources, bay sediments, and nonpoint seurtes © Section 4 0 oL atamns the estimation of annual
copper loading to San Diego Bay from all sources described in Section 3.0 2nd a listing of principal
assumptions. Section 5.0 contains recommendations regarding further areas of study. A list of

references follows in Section 6.0.

This project is under the direction of the Total Daily Maximum Load Review Committee of the
SDBIW QP. The SDBIWQP is comprised of 31 public, private, and nonprofit member organizations,
and was authorized by the California Legislature in 1992. Funding for this project was provided by the
U.S. Environmental Protection agency and the California State Water Resources Control Board under

Section 205(j) of the Clean Water Act.

2 SACOPPER\SDBAY.REP
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. Area of each yard impacted by copper was estimated as described below

. Sediment thickness represented by bottom samples was 2 cm
. Dry sediment density of 1.3 g/cc (grams per cubic cm) was used
. Dry mass of copper was annualized by dividing it by 3 years, the approximate number

of years represented ina 2 cm thick bottom sediment sample based on a sedimentation
rate of approximately 7 mm/yr (millimeters per year) (Stang 1985)

edimen: samples have also been collected and analyzed for copper adjacent to each support pier of the

Vgl

San Diego-Coronado Bay Bridge by a consulting firm working for California Department of
Transporation (CalTrans) (A.E. Schmidt 1996). The distance from the Continental Maritime ship yard
shoreiine 1o the pownt that bottom sediments begin to exhibit elevated concentrations of copper was
estimated using the CalTrans data. Sediment samples were collected adjacent to the piers from west to
east along the bridge as it approaches the Continental Maritime ship yard. Elevated concentrations of
copper were present in hottom sediments starting near bridge Pier 21, approximately 213 m from
shore. The following subsections describe the procedure followed to estimate the surface area of each

ship vard and their estimated copper loading to San Diego Bay.
Continental Maritime

“The are of elevated sediment copper concentration at the Continental Maritime ship yard was estimated
by inscribing a rectangle on a map of the ship yard from Pier 1 to Pier 7 (approximately 310 m in
length north to south) and out into the bay 213 m (east to west). The estimated area is 66,346 m”*
(square meters). The average sediment copper concentration is 219 mg/kg. The background
concentration is 3.1 mg/kg copper. Applying the parameters described above, the estimated copper

load is 124 kilograms (kg) per year.
Campbell

The area of elevated sediment cOpDer concentration at the Campbell ship yard was estimated by
inscribing 2 rectangle on a map of the ship yard from Pier 0 to a shoreline point oppesite Pier 3
(approximately 231.7 m in length north to south) and out into the bay 213 m (east t0 west). The

estimarted area is 49,445 m’. The average sediment copper concentration is 807 mg/kg. The
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2.0 WORK PERFORMED

PRC used a variety of resources to éssemble this report. A determination of the mass of copper
released to water and sediment in San Diego Bay from antifouling hull paints required both 2 review of
literarure on the subject and contact with Port of San Diego and U.S. Navy officials. PRC conducted a
literarure review to estimate the baywide mass transfer of copper between water and sediment.

[ ierarure sources reviewed regarding transfer of copper between sediments and water included the
“.i.. o mmane Conucel. and Ocean Surveillance Center (NCCOSC) Research, Development, Test
ume © o acauon - RDT&E) Division and the State of California Dppartment of Fish and Game. wCC
estimated the copper loading to San Diego Bay from stormwater runoff and dry weather periods using a
w atersned-based approach supported by data from several sources including the National Urban Runoff
Program and the San Diego Association of Governments (SANDAG) 1990 Geographic Information
Svstems (GISH Generalized Land Use Database. The total annual load of copper to San Diego Bay was
then -alculated using copper mass loading figures arrived at through the above approaches. The total
annual copper load determination included thé contribution t0 the bay from the SDG&E South Bay

Power Plant.

PRC then assembled the group of literature citations, assumnptions, calculations, estimates, and

supporting text into standard report format for submittal to the California Regional Water Quality

‘Control Board, San Diego Region (RWQCB) and the SDBIWQP. Spreadsheet-style tables and figures

have been used, where appropriate, t0 xllustrate parameters affecting copper load determinations. The
use of tables and figures was designed to make possible the review of copper loading totals calculated

by PRC and WCC, prior to detailed review of the supporting text.

Many of the sources from which analytical data were obtained for this smdy do not specify whether the
laboratory results they report represent total or dissolved copper concemraums This leads to some
degree of uncertainty and increases the number of assumptxons necessary to generae the estimates of
copper loading to the Bay. In addition, several different laboratories, each following their own internal

quality assurance and quality control (QA/QC) program, provided the analytical data.
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3.2.4  Ship and Boat Yard Operations

Copper containing debris;;"s“_g%enq{;;te:gtm‘ship and boat yards during copper paint removal prior to hull
maintenance and repainting activities. *Additionally, some paint removal methods utilize copper-
containing blasting media. Paint removal can be performed by hand sanding, mechanical sanding, or
blasting using water (hydroblasting), plastics, crushed nut shelis, or copper slag (thebalu’minum and
silica residue generated during copper ore smelting that containg approximately 2,000 mg/kg copper
prior to use as a blasting media). Copper slag is generally used only on steel-hulled vessels; fiberglass
and wooden hulls are damaged Dy its use. Actual quantitative data for releases of particulate copper
from ship and boar vard operations into San Diego Bay are not available. These releases are
accidental, unauthorized, and unmonitored. As such they are not typically reported to the responsible
environmental agencies or included as part of industry permits. Information on the number of private
vessel repair/painting facilities and approximate number of vessels repaired/painted each year is
contained in references (Conway and Locke 1994, and McPhersox_l and Peters 1995). The amount of
copper containing antifouling paints applied to 7,600 pleasure craft in 1994 was estimated to be 22,000
liters (Valkirs and others 1994),

Four ship yards and five boat yards are located on San Diego Bay (Austin 1996). The ship yards
collect and analyze sediment samples twice each year as a condition of their National Pollutant
Dischafge and Elimination System (NPDES) permits. The samples are collected from severa] fixed
locations at each yard including at least one storm drain outfall. The samples are analyzed for a variety
of pollutants including copper. The data are submitted to the RWQCB by each ship yard. The most
recent sediment sample copper analysis results for the National Stee] and Shipbuilding Company
(NASSCO), Continental Maritime, Campbel] Marine, and Southwest Marine ship yards were made
available for this study by the RWQCB (Ecosytems 1996). The sediment samples were generally
collected from the upper 2 centimeters (cm). The following parameters were used to estimate the mass

of copper released from each ship yard based on the dry weight sediment copper analysis data

(Ecosvstems 1996) provided to PRC by the RWQCB:

. Average of all most recent sedimens COpper analysis results considered to be abgve
background (sediment analysis results from storm drain locations were assumed to be
background) concentration at each ship yard ‘
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of the bay) are over represented as 9 out of 74, or approximately 12 percent, of the sample analysis
results are used in the background calculation. These enclosed basing typically have elevated copper
cbncemrations relative to the rest of the Bay due to the density of vessels coated with copper containing

antifouling paints, shallower water, and restricted circulation. '
3.2 POINT SOURCE COPPER RELEASES

This subsection describes methods used and assumptions made to arrive at a copper loading estimate to
San Diego Bay from point sources including in-water huil cleaning, leaching from antifouling hull
péims, and releases of removed paint and copper containing blasting media from ship and boat yard
operations. The subsection ends with a discussion of other significant point and nonpoint release
sources. Copper is present in antifouling hull paints because of it biocidal properties, which inhibit the
artachment and growth of marine organisms. Antifouling paints generally contain copper in the forms

of cupric resinate, cupric oxide, and cuprous oxide (Sax and Lewis 1987).
3.2.1 In-water Hull Cleaning—U.8S. Navy Vessels

U.S. Navy hull cleaning is done by divers using mechanical brush machines. Valkirs and others (1994)
studied the copper concentrations in bay' water at various depths and distances adjacent to six U.S.
Navy vessels before, during, and after hull brushing operations in 1991, 1992, and 1993. The
position-relative-to-hul] of samples containing maximum observed copper concentrations varied, but
tended to occur approximately 3 meters from the vessel hulls during brushing. Valkirs and others
(1994) attributes the variation to the fixed-point sampling performed which gave only an approximation

of the water column copper concentrations for each plume volume studied.

In-water hull cleaning copper release for U.S. Navy vessels was estimated based op actual dissolved
copper plume concentration and radius informarion conained in Valkirs and others (1994) that was
collected during the six in-water hul] cleaning operaticns. The maximum reported dissolved copper
plume concentration (27 pg/L) was corrected from dissolved to total copper (135 pg/L) minus an
ambient bay water copper concentration of 3.7 ug/L. The correction from dissolved to total copper
concentration was possible because the report describes the method by which the plume samples were

filtered and reports that 2 maximum of 80 percent of the particulate copper was removed from samples
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of the bay) are Ovet represemed as 9 out of 74, OF approximately 12 percent, of the sample analysis
results are used in the packground calculation. These enclosed basins typically nave elevated cOPPeT
concentrations relative to the rest of the Bay due 10 the density of vessels coated with copper containing

antifouling paints, shallower water, and restricted circulation.

3.2 POINT SOURCE COPPER RELEASES

This subsection describes methods used and assumptions made to arrive at 2 copper loading estimate ©
San Diego Bay from point sQUIces including in-watet hull cleaning, leaching from antifouling hull
paints, and releases of removed paint and copper containing blasting media from ship and boat yard
operations. The subsection ends with 2 discussion of other significant point and nonpoint release
sources. Copper is present in antifouling hull paints because of its biocidal properties, which inhibit the
artachment and growth of marine organisms. Antifouling paints generally contain copper in the forms

of cupric resinate, cupric oxide, and cuprous oxide (Sax and Lewis 1987).
3.2.1 In-water Hull Cleaning——-U.S. Navy Vessels

U.S. Navy hull cleaning is done by divers using mechanical bmsh.machmes. Valkirs and others (1994)
studied the cOPPet concentrations in bay water at various depﬁhs and distances adjacent tO six U.S.
Navy vessels before, during, and after full brushing operations in 1991, 1992, and 1993. The
position—relative-to—huu of samples containing maximum observed coppet concentrations yaried, but
tended to occur approximately 3 meters from the vessel hulls dquring brushing. Valkirs and others
(1994) attributes the yariation to the fixed-point sampling performed which gave only an approximation

of the water column copper concentrations for each plume yolume studied-

n-water hull cleaning copper release for U.S. Navy vessels was estimated based on actual dissolved
copper plume concentraﬁon and radius information conmined in Valkirs and others (1994) that was
collected during the six in-water full cleaning operations. The maximum reported dissolved copper
plume concentration (27 ng/L) was corrected from dissolved t0 total copper (135 g/l minus an
ambient bay watet copper cOnCentration of 3.7 ng/L- The correction from dissolved 10 total copper
concentration was possible because the report describes the method by which the plume samples were

filtered and reports that a maximum of 80 percent of the particulate copper was removed from samples
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Copper is released by passive leaching from copper containing antifoulihg paints. Copper loading to

3.2.3

San Diego Bay by passive leaching is related to the release rate of copper from the paint and the total
wetted hull surface area of vessels painted with copper antifouling coatings. Wetted huil areas for the
two carriers homeported in San Diego as wel} ras other U'S Navy vessels in Table 32 were obtained
from the Navy (Navy 1995). The toe! number of homeported surface ships is given (Navy 1995) as 72
with underwater hull surface area o - 2880 T T asumed thar e U.S. Navy carriers are in
port about 122 days (1/3) of the year sutmarmes 183 davs 1 2) of the vear, surface vessels about 244
days (2/3) of the year, and tugs and otner musceilanenus + essels about 360 days of the year. The Sag

" Diego Bay residence time estimates ¢or 2en-Navy vessels m Table 3-2 are based on discussions with
Mr. Libuda (360 days per year for pieasure <rart. 310§ davs per visy per year in the case of
commercial vessels). The non-Navy vessel werted hull areas are consistent with previous estimates

(Grouvhoug and others 1987).

"’""Through passive leaching, copper hull paints release approximately 10 micrograms of copper per
Square centimeter of wetted hull per day (ug/cm*/day) (Valkirs and others 1994). A wide range of
values for the copper release rate is possible, since it decreases as antifouling hull paint ages; following
hull cleaning, the release rate may increase (Stang 1991). In general, Navy and large commercial
;/essels‘ are painted much less often than pleasure craft and so have older hull paint likely leaching
copper below the 10 pg/cm’/day rate given by Valkirs and others (1994). Pleasure craft hulls are
cleaned more often than large vessels and are painted on the average every 2 years (Conway and Locke

1994). They would therefore be expected to leach copper at higher rates than larger vessels. wFor this’

i

- study, the. 10 ug/cmz/day relea opper a_piifou_ling

hull:pdints and . r_e:;pggsei;tativq i nt ages of paint
berthed.in San Diego. Bay. The Navy has documented copper release rates (Stang 1991: Valkirs and

others 1994) for several ships. These release rates range from 4 io 8 ug/cm*/day. .

uglem*/day for the Navy is, there

private and commercial vessels 4

estimate for the non-Navy vesselé:i presents.one of the mizj

contains estimates of annual copper releases from passive leaching of hull paints. The total annual load

to San Diego Bay of copper leaching from antifouling hull pains is giveri in Table 3-2 as 16,057 kg.

12 SACOPPER\SDBAY.REP
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33 priorto analysis for dissolved copper. No specific total copper concentrations were reported by
,XIJ § 5 Valkirs and others (1994). Therefore, this provides a conservative worst estimate, assuming that 4] 74
’ (29 surface vessels, 1 carrier, Hsubmarines, and 40 miscellaneous) of the estimated U.S. Navy vessels
“'7 cleaned per year would release copper at the maximum concentration found by Valkirs and others
o (1994).
U.S. Navy copper releases from in-water hull cleaning are separated in Table 3-1 into carriers,
submarines, surface, and tugs and miscellaneous vessels. Based on conversations with the Navy,
approximately 29 surface vessels undergo hull cleaning each year. This represents 40 percent (22 out
0 g 72) of the surface vessels. Additionally, 50 percent (1 out of 2) of the carriers, 50 percent Q{%ut of

7 j&i of the submarines, and 50 percent (40 out of 80) of the tugs and other miscellaneous Navy vessels
e

~ 7

-

i
B

e

are estimated to undergo hull cleaning each year. The copper release estimates are presented in Table
3-1. The other miscellaneous vessels include barges. yard oilers, skiffs, and various small craft used
( by the Navy. Approximately 95 percent are assumed 10 be of steel, wood, or fiberglass hull
construction, the rest are assumed to be aluminum hulled and not coated with copper paints.
Aluminum hulled vessels are not painted with copper containing antifouling paints due to rapid hull

corrosion problems associated with the use of copper paint on aluminum hulls.

The horizontal distances of plumes are based on data in Valkirs and others (1994) and the vertical
diétance} (depth) (12 m) is based on an average depth of 40 feet in N avy docking and berthing areas.
The number of homeported ships (not including submarines, tugs, and miscellaneous) is given as 72 in
“Volume 1, Einal Environmental Impact Statement, - The Development of Facilities in San
Diego/Coronado to Support the Homeporting of One NIMITZ Class Aircraft Carrier” (Navy 1995).
The estimate of annual copper loading to San Diego Bay from in-water huil cleaning of U.S. Navy

vessels is given in Table 3-1 as 230 kilograms (kg).
The calculation for U.S. Navy surface vessels is:

Hull Cleanings: 29 per year
Average Length and Width: 122 m by 15.2'm (each vessel)
Hull Cleaning Plume Voiume: 6m+122m + 6 m(6ém+ 152m + 6 m)(12 m in depth)

= 43,738 m’ (each cleaning)

6 S\COPPER\SDBAY.RE?
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dissolved copper. For the purposes of this estimate, it is assumed that total copper analysis was

performed.

Assuming that the vessel displaced 15 tons of seawater, the volume of water within the enclosure was

calculated as follows:

Total Enclosed & ~ume 14 =ua3 s ) = 4,816 f

Displaced Vi< < upsu 2,000 pounds per ton) / 64 pounds per ft' = 468 fit
Actual Volume Lo osed. 1aln T - 468 ~ = 4 348 f©

Converting © Memm L4 248 )T 48 zal per f)(3.785 liters per gal) = 1.23x10° liters

Using the highes: concentraion .1 the enclosure (1.55 mg/ 1) and subtracting the initial concentration
within the enciosure prior o cieaning (0.02 mg L), the total amount of copper released during the hull

cleaning was . ~aq10 liters)(1.33 mgrl) = | 38x10° mg or 0.183 kg of copper.

This estimated mass of copper released in the Newport Bay enclosure study of 1991 correlates quite
well with the estimated mass of 0.173 kg released from the pleasure craft studied in San Diego Bay as
described above. This provides an increased level of confidence that the estimates for San Diego Bay

are reascnable.

One other study of in-water hull cleaning was identified during the course of the investigation. The
State of Washington Department of Ecology conducted studies of in-water hull cleaning in 1993 and
1994. Analysis of water samples documented that Washingron watet quality standards were exceeded
(State of Washington 1995). However, information regarding the location of sample collection and size
of the visﬁally observed plume was not provided. Consequently no quantitative estimate of the total

mass of copper released can be calculated.
Table 3-1 contains the estimated plume volume for each type of vessel. The total annual load of copper

to San Diego Bay from in-water hull cleaning of civilian (non-Mavy) vessels is given in Table 3-1 as

12,517 kg and for all vessels as 12,747 kg.

11 $\COPPER\SDBAY.REP
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result in release of substantially greater quantities of copper to the bay than those observed (McPherson
1995).

The calculation for pleasure and small commercial craft in Table 3-1 is:

Number of Vessels: 7,165

Fraction With Copper Paint:  0.95

Hull Clearings 10 per year per vessel

Average Leagd and Width: 12.2 m by 3 m (each vessel)

Hull Cleznung Plume volume: (6m+122m+ 6 m{(bm+3m+ 6 m)(6 m in depth*)
= 2,178 m’ (each cleaning) | |

Plume Copper Concentration: (83 png/L - 3.7 ug/L [Bay Background])
= 79.3 pg/L ' »

Annuai Copper Load. (7,165}(0.95)(10)(2,178 m’ each)(79.3 ng/L)(lO"é kg/ug)(10° L/m?)
= 11,756 kg per year

“The typical depth of water in the enclosed yacht and boat basins.

The total annual copper load from pleasure and small comumercial vessel in-water hull cleaning (11,756
kg/year) represents a mass of copper of 0.173 kg released per 12.2 m (40.5 foot) pleasure craft per

cleaning event.

The Santa Ana RWQCB conducted 3 similar study in Newport Bay in 1991 (Santa Ana RWQCBE 1991).
The primary difference between this in-water hull cleaning study and the San Diego Bay study was that
the vessel used in the Newport Bay study was eﬁclosed in an impermeable liner constructed of 4
rectangular polyethylene bag supported by polyvinyl chioride (PVC) pipe and weighted with sand bags.
This liner (14 feet by 43 feet by 8 feet deep) enclosed a 38 foor Bertram pleasure craft. The report
indicates that (1) five water samples were collected from within the liner after the in—water hull
cleaning; (2) the ambient Newport Bay water concentration was 0.01 milligrams per liter (mg/L)
copper before cleaning; and (3) two water samples collected inside the liner prior to cleaning contained
0.02 mg/L copper. The five samples collected from within the liner after cieaning conrained berween

0.52 and 1.55 mg/L coppef. The report does not indicate whether the laboratory darta represent total or

10 SACOPPER\SDBAY.REP



Plume Copper Concentration: (135 pug/L - 3.7 pg/L [Bay Background])
= 131.3 pug/L

Annual Copper Load: (72 vessels)(0.4 cleanings per vessel per year)(43,738 m’ each)(131.3 ug/L)
= (165x10° ug m* /L year) (10° kg/ug)(10° L/m?)
= 165 kg per year |

The number and class of nuclear submarines homepores 11 San Diego Bav were obtained from Lt
Dan Hernandez, the Point Loma Submarine Base pus .. .=~ - sroes Hermandez 1wee . One
Sturgeon Class and seven Los Angeles Class submarire st 1 SUDMAnne ender were used to estimate
copper antifouling paint contributions from the Point ima Submarine Base . The submarine wered
hull areas were estimated based oh dimensions given iz ~“Muovern Submarine Warfare” . Miller 1987)
and by assuming that approximately 66 percent (2/3} 0! sacn submarine s submerged while ar pier
side. A Los Angeles class submarine is 360 feet long with a beam of 33 feet. the Sturgeon is slightly
smaller. For the purposes of conservative estimation. the Sturgeon was assurmed (o have the same
wetted hull surface area as the Los Aﬁgeles submarines. The submarines were conservatively assumed
(ignoring any hull tapering) to be right circular cylinders 33 feet in diameter and 360 feet long with
25,000 square feet (f%) of wetted hull area each at pier side. The tender weed hull surface area is
accounted for with other Navy surface vessels. A floating di'y—dock, normally secured at the Point
Loma Submarine Base, is currently in use in Pear] Harbor, Hawaii, and is due 1o return to San Diego
in 1997 (Hernandez 1996). It has not been factored into the copper loading calculations; however the
copper load from the dry-dock, upon arrival, is estimared to be similar to that of an average Navy

surface vessel.
3.2.2 In-water Hull Cleaning—All Other Vessels

The in-water hull cleaning copper release estimates for vessels not controiled by the Navy are also

contained in Table 3-1. Information regarding the average lengths and numbers of private and

commercial vessels in thé bay was obtained from the San Diego Unified-Por DistricLHaergh_P_‘glriAce
1955 Yacht )

lub/Marma/BoatYarﬂd/wAnc—l{orage Annual Survey (Port 1995) and Assistant Director of
.‘\Mé?iﬁéw(')_p‘éfétions, Paul Libuda (Libuda 1996). The annual survey is presented in Appendix B. The

number of in-water hull cleaning events and the fraction of vessels with copper-containing antifouling

8 SACOPPER\SDBAY.REP



* hull paints were estimated from data provided in “Marine Fouling and Underwater Hull Cleaning in

San Diego Bay” (Conway 1994).

‘The fraction of pleasure craft with copper-containing amtifouling hull paint was reduced from 1.00 to
0.95 to account for vessels which are not painted with copper containing antifouling paints. This
includes pleasure craft with aluminum huils which are painted with tributvltin (TBT)-containing

antifouling paints because coppet canmor ne used on alurminum hulls due 10 severe corrosion problems.

TBT antifouling paints often Also orie s L oorer Howmevoo L0pperTEs TBT antifouling paints are
available in both the U.S. and Mexio.  generally for use oo aiuminum-nulled vessels. Discussions with
San Diego Bay mariners suggest that ur 1 .01 percent of San Diego Bav pleasure craft may use

Mexican port facilities for application = anutouling pant and il sOME of this paint is copper-free,

TBT-containing antifouling hull pan:

The hulls of large commercial vessels ars not often cleaned :n San Diego Bay, according to Mr.
Libuda, because they typically average onlv a 1.5-day stay 10 unload cargo or conduct business before
returning to sea. Additionally, large commercial vessels are often maintained in non-U.S. ports wherte
labor and other costs are lower than in San Diego. Data in Table 3-1 were therefore adjusted by
assuming that the number of hull cleaning events for cargo, barges, and miscellaneous vessels with

copper antifouling paint is 0.5 rather than one hull cleaning per vessel per vear.

The maximum COpper concentration of 83 pg/L out of 18 plume sample analyses results reported in
McPherson (1995) during & study of the effects of a private pleasure craft in-water hull cleaning event
in Shelter Island Yacht Basin of San Diego Bay for the San Diego RWQCB was used for non-Navy
vessels in this study, corrected for the bay background concentration of 3.7 ug/L. The study involved
collection of samples prior ©, during, and following an underwater hull cleaning operation carried out
by a professional diver hand wiping with new, plastic-fiber scrubbing pads using best management
practices. The vessel was a Concept 30 power boat measuring 30 feet in length, 9 feet in width, and
with a 2.5 foot draft. The report indicates that (1) the cleaning took approximately 25 to 30 minutes
with sampling occurring every 5 minutes for a total of i1 samples; (2) the hull of the boat was not
heavily fouled; (3) because the samples were taken from different locations around the boat,
contaminant concentrations in 11 samples were independent of each other, ranging from 40 pg/L to 83

pg/L; and (4) cleaning of more heavily fouled boats using more vigorous removal techniques could

9 $ACOPPER\SDBAY.REP
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. The limited sediment data from Commercial Basin was used to estimate an average
sediment concentration in the basin and the total load in the basin was allocareq equally

4.3 SAN DIEGO BAY TIDAL FLUSHING AND TIDAL PRISM MODEL

This section describes the tida] flushing characteristics of San Diego Bay and presents a simple tidal
prism model to estimate the v.rume of water exchanged with the Pacific Ocean on ap annual basis.
This tidal prism model can be vsed {0 estimate the amount of copper discharged to the Bay annually,

based on the estimated COpper concentration in the Bav and in southern California coastal seawater.

4.3.1 San Diego Bay Tidal Flushing

In a study addressing the distribution and fate of organotins from antifouling paints in U.S. harbors
(Grovhoug and others 1987}, San Diego Bay was described as a semi-enclosed water body extending
approximately 28 km in length and varying from 0.5 to 4.6 kilometers (km) in width, with a depth of
generally less than 4.5 meters (m). The bay configuration allows tidal flows that are strong at the

mouth (Point Loma) and exponentially decreasing towards the back or souih bay.

Near the mouth, approximately 40 percent of the water brought in by the average flood tide is new,
uncontaminated ocean water, while near the Coronado bridge only 4.2 percent is new water.
Therefore, complete tida} flushing for the south bay would require more than 40 days, whereas flushing
at the entrance of the bay may only require | to 2 days. The exchange drops off rapidly as a function
of distance from the mouth (Chadwick and others 1995). In the absence of other measured data, the
tidal exchange rate was extrapolated in a linear. fashion. Though the data indicate that there is a
logarithmic relationship between exchange rate and distance from the mouth, a linear extrapolation was
chosen because the south bay is significantly more shallow (9 feet estimated average depth) than the
rest of the bay (30 to 40 feet). The whole bay average period for complete tidal flushing is 5.6 days
(Chadwick and others 1995). Subembayments such as the Shelter Island yacht harbor, Glorietta Bay,
Coronado Cays, and the Harbor Island yacht harbor receive less flushing than the main bay channel

section adjacent to each subembayment.

-
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4.3.2 Tidal Prism Model

A study of San Francisco Bay (Chen and others 1996) has utilized 2 link node approach to model
copper concentrations based on NUMETous point sources. This approach, when coupled with a
complete, validatable data set, can provide 2 more sophisticated understanding of the dynamics of
multiple sources, tidal action, and riverine input. However, for the purposes of this study, a simpler

tidal prism:model:has been selected t0 estirnate the total volume’ of witer excharged betiween the Bay

_ fumrnary the avera MW xcnangegmge_gjxde

(Chadwick 1996); the fraction of former bay water recycled (O 4) on & each tide, and the number of tides

i

and the ocean.on an annual basis#

' 1;95:5_1;_@_{__9&&_?; used to.calculate the-annual volume of wzer d1srharged from the Bay. The calculation

is presented below.

Annual Volume Exchanged V): v = (1 - D(Tp)n)
=(1- 0.4)(7.4x107 m’ per tide)(701 tides per year)
= 3.1x10"m® per year
Where: f = fraction of Bay water refurning in each tide
1-f = Percentage of new, uncontaminated ocean warer
Tp = Volume of water exchanged pet tide

n = Number of tides per Year
The mass of copper discharged from the Bay on annual basis can then be calculated as follows.

Annual Mass of Copper M) Mg = V([Culgyy - [Culoeean)

‘Tidally Discharged from = (3.1x10" m’ per year)(3.7 - Z.Opg/L)(loOOL/nf)(kg/109 pe)
San Diego Bay = 52,700 kg per year (116,151 pounds per year)
Where: [Culg,y = average COpper concentration in San Diego Bay water

[Culpeesn = 2VETAEE southern California coastal copper COncentration

Note that the Mc; estimate increases by 31, 000 kg for every 1 pg/L change in [Culgs - (Clocesn:
This estimate of the amount of copper ‘wransferred by the tidal exchange is helpful when comparing

gross trends and quantities of other copper sources in the bay. It should also be noted: that'this estimate ™

s‘}of copper chscharged annually is. extremely sensmve to the estimates of both southern

rnia-coastal ocean and San Diego-Bay average water copper concentrations.
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. The limited sediment data from Commercial Basin was used to estimate an average
sediment concentration in the basin and the total load in the basin was allocated equally
to the four boatyards. The Commercial Basin data was used to estimate the copper
load to the bay from the South Bay Boatyard.

4.3 SAN DIEGO BAY TIDAL FLUSHING AND TIDAL PRISM MODEL

This section describes the tidal flushing characteristics of San Diege Bay and presents a simple tidal
~prism model o estmate the volume of water exchanged with the Pacific Ocean on an annual basis.
This udal prism model can be used to estimate the amount of copper discharged to the Bay annuaily,

based on the estimated copper concentration in the Bay and in southern California coastal seawater.

4.3.1

In a study addressing the distribution and fate of organotins from antifouling paints in U.S. harbors
(Grovhoug and others 1987), San Diego Bay was described as a semi-enclosed water body extending
approximately 28 km in length and varying from 0.5 to 4.6 kilometers (km) in width, with a depth of
generally less than 4.5 meters (m). The bay configuration allows tidal flows that are strong at the

mouth (Point Loma) and exponentially decreasing towards the back or south bay.

Near the mouth, approximately 40 percent of the water brought in by the average flood tide is new,
uncontaminated ocean water, while near the Coronado bridge only 4.2 percent is new water.
Therefore, complete tidal flushing for the south bay would require more than 40 days, whereas flushing
at the entrance of the bay may only require 1 to 2 days. The exchange drops off rapidly as a function
of distance from the mouth (Chadwick and others 1995). In the absence of other measured data, the
tidal exchange rate was extrapolated in a linear fashion. Though the data indicate that there is a
logarithmic relationship berween exchange rate and distance from the mouth, a linear extrapolation was |
chosen because the south bay is significantly more shallow (9 feet estimare_d average depth) than the
rest of the bay (30 to 40 feet). The whole bay average period for complete tidal flushing is 5.6 days
(Chadwick and others 1995). Subembayments such as the Shelter Island yacht harbor. Glorietta Bay,
Coronado Cays, and the Harbor Island vacht harbor receive less flushing than the main bay channel!

section adjacent to each subembayment.

”
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With this caveat, the estimated mass of copper discharged from the Bay agrees reasonably well with the
total annual estimated copper loading for the bay 37,589 kg per year (82,818 pounds per year). If,
however, for instance, the Valkirs and others (1994) average baywide copper concentration (3.3 ng/L)
is used in conjunction with the coastal estimate of 2.0 #g/L (VanderWeele 1996) then the mass of
copper tidally discharged would be estimated as 40,300 kg per year (88,160 pounds per year), an

estimated mass of copper in good agreement with the mass of copper (37,589 kg per year) loading for

San Diego Bay estimated in this study.
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The following are recommendations for further research associated with copper loading to San Diego

Bay:

-
/
i

Identify additional sources of copper, such as condensers and salt water heat exchanger
systems other than the SDG&E South Bay Power Plant '

Quantfy release rates of copper from private and commercial vessel hulls
Identify the frequency of hull cleaning of large commercial vessels in San Diego Bay
Collect additional data on sediment to water cCopper transfer

Apply more sophisticated total daily maximum load models such as the link node model
of copper in San Francisco Bay (Chen and others 1996)

Collect data regarding copper concentrations in the water column throughout the bay
including both source and background areas

Collect offshore copper concentration data from coastal southern California ocean
waters to estimate background copper concentration since all models will be extremely
sensitive to the ocean background copper concentration input

oy AATIS
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SAN DIEGO BAY
COPPER WASTE LOAD DETERMINATION STUDY:
CONTRIBUTION OF COPPER FROM STORM WATER
RUNOFF AND DRY WEATHER FLOWS

INTRODUCTION

The following sections present a summary of the approach and methodology used to estimate
copper loading to San Diego Bay from storm water runoff and dry weather flows. Annual copper
loading from storm  water (wet—weather) flows were estimated using a watershed based
1in terms of area, land uses, and ah“ﬁ*ﬂmkamon “Annual copper loads were then calculated
mm%ltanon percent pervious and impervious (by land use), area of watershed,
and mean value of copper measured at land use-specific sampling locations. Total IOd.dmo to San

B U

1ndustnes More detzuls concemmg the methodology used and results are presented below

Contributions of copper from dry weather flows potentially includes discharges from NPDES
permitted industries along the Bay (including shipyards and dewatering facilities), releases from
upland reservoirs (e.g., Sweetwater, Loveland, and Otay Lakes), groundwater base flows, and
incidental and/or illegal discharges to the storm drain system (e.g., from residential car washing,
illegal dumping, improper plumbing connections, etc.). One very large potential source of dry
weather pollutants including copper in many urban areas is NPDES permitted discharges.
However, in San Diego the vast majority of these discharges have been eliminated since 1964
(most such discharges flow into the sanitary sewer and discharge via the deep ocean outfall;
Bloom, 1995). Due to the paucity of data and intermittent nature of the other discharges,

caleulation .of -2 firm - loading estimate for. copper from dry weather flows is difficuit.
Consequently, Ioadmos from these sources are presented in ranges (minimum and maximum

credible copper loadings estimates). More detailed discussion of potential dry weather sources is
provided below.

ESTIMATION OF POLLUTANT LOAD FROM WET-WEATHER
FLOWS THE DRAINAGE AREA

This section provides estimates of pollutant loads from storm water runoff {from each of the
10 watersheds in the study area. Event Mean Concentratizns (EMCs) calculated from three years
of flow-weighted composite monitoring results from the City of San Diego and Co-permittees
NPDES Stormwater Monitoring Program (1993 through 1996) were used to estimate the copper
load for residential, commercial, and industrial land use categories into San Diego Bay.
Park/open space and agriculture land uses were not monitored during the City of San Diego and

£ :
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Co-permittees Stormwater Monitoring Program or for any other known storm water studies in the
San Diego region; therefore, no local data were available for copper load modeling. EMCs for
park/open space and agriculture land uses were based upon flow-weighted composite monitoring
conducted in the Santa Clara Valley and San Francisco Bay Area Stormwater Monitoring
Programs. Although San Francisco Bay area data are not presumed to be identical to San Diego
area data, they are the most current data available from California. Data from the Federal
Highway Administration were utilized to estimate runoff quality from transportation corridors
(U.S. Federal Highways Administration, 1990).

Copper loads were calculated using a Microsoft Excel Version 5.0 Spreadsheet model. The
spreadsheet was used to estimate annual runoff pollution loads for total and dissolved copper.
This model was used to estimate typical urban runoff quality in each of the 10 San Diego Bay
watersheds using calculated and published EMCs, precipitation data, and land use data for the
10 watersheds provided in the San Diego Association of Government’s (SANDAG) geographical
information system (GIS; SANDAG, 1990).

‘Watershed Delineation

The SANDAG GIS database was used to define watersheds within the study area. A total of
10 sub-watersheds draining into San Diego Bay were delineated and assigned numerical values
(Figure 1). The watersheds draining into San Diego Bay extend from the ridge line running
along the summit of the Laguna Mobuntains in eastern San Diego County westward to the Bay
itself. The portions of the watersheds located east of the urbanized areas of the county
(approximately all lands to the east of the upland reservoirs) consist predominately of open space
~ (Watershed No. 10). Watersheds 1 through 9 are located within the urbanized portion of the -
county, in the portion of the county monitored as part of the City of San Diego and Co-permittee
NPDES Stormwater Monitoring Program. Watersheds for the mass loading stations established
for this monitoring program were separately delineated since the locations of the monitoring sites
did not always sample an entire watershed due to factors such as tidal influence in the lower
reaches. In addition, the SANDAG watersheds consider two of the mass loading stations on
Switzer and Chollas Creeks, to be part of a single watershed (W atershed 2 on Figure 1).

The hydrology of the upper San Diego Bay watershed area (W atershed 10) is controlled to a
significant extent by the eservoirs constructed along the base of the foothills (Sweetwater and
Loveland Reservoirs, located on the Sweetwater River and operated by the Sweetwater
Authority, and upper and lower Otay Lakes, on the Otay River and operated by the City of San
Diego, Department of Water Utilities). The other nine watersheds are located downstream of the
reservoirs. The two water agencies regulate flow out of the reservoirs through planned releases
that occur mainly in the winter, during the rainy season. Because all flow through the
Sweetwater and Otay River systems passes through the reservoirs, the reservoirs effectively serve
as settling basins for removing suspended solids present in the flow. Since a large percentage of
copper present in the “total” fraction is adsorbed to sediments, this trapping likely results in a
reduction in the copper load that uitimately reaches San Diego Bay.
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To account of this reservoir reduction effect, we ran the model two different ways. In the first
run, we included the portions of the San Diego Bay watershed above the reservoirs
(Watershed 10) in addition to the nine watersheds downstream of the reservoirs. This result
yields the highest probable copper load from storm water. In the second run, we excluded
Watershed 10 and modeled the copper load in runoff from Watersheds 1 through 9 only. (This
result assumes that the reservoirs retain all copper originating in the watershed above the
reservoirs.) The true loading from storm water is believed to lie between these two results.

Land Use Categories and Mapping

Land use data were obtained from the SANDAG GIS database showing 1990 Generalized Land
Uses for the San Diego urbanized area. The land use classifications used by SANDAG were
aggregated into six categories: residential, industrial, commercial, park/open space, agriculture

and roadways. The total acreage of each land use in each of the 10 watersheds is summarized in
Table 1. |

The SANDAG GIS database was also used to assess land use within the catchments of the two
mass loading stations. Land uses within the monitored portions of these watersheds are
summarized in Table 2.

Other Model Inputs

Other model inputs include the percentage of impervious land coverage within each land use
category and EMCs for each laad use. Input vaiues used in each model are summarized in
Table 3. Percent impervious values were based upon literature values and data from similar
studies throughout California. The EMCs were calculated from results obtained from the last
three monitoring years for residential, commercial, industrial land use categories. EMCs for
“parks and open land were based upon Santa Clara Valley and San Francisco Bay Area values.
Federal Highway Administration data (U.S. Federal Highways Administration, 1990) were used
for roadways. For this analysis, pervious areas were assumed to have a runoff coefficient of 0.20
and impervious areas 0.95. ‘

Long-tertn isohyets were used to estimate average rainfall for drainage basins 1 through 9,
Table 4. Because of wide range of precipitation in drainage basin 10, 11 to 35 inches per year, an
average rainfall of 14 inches per year was estimated for drainage basin 10, from County of San
Diego Hydrology Manual (revised 1985), to better represent precipitation in the valleys and river
basins.

Copper Sources

In general, the concentration of copper tends to be higher in runoff from urbanized areas than
from open space (Woodward-Clyde Consultants, 1996). Results from storm water monitoring
conducted in San Francisco Bay Area between 1988 and 1995 suggest that although there are
minor differences between runoff from different categories of urban use, land use is not a
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Table 2
EXISTING LAND USE DISTRIBUTION WITHIN
MONITORED MASS LOADING WATERSHEDS

Residential 1,160 47 5,811 62 6,971
Commercial 201 8 879 g 1,080
Industrial 274 11 931 - 10 1,205
Agriculture 153 6 34 <1 187
Open/Parks . 509 21 1,264 14 1,773
Rcadways 157 6 434 5 591
Total 2,454 100 9,353 100 11,807
Table 3

COPPER EMC INPUT FOR EACH LAND USE CATEGORY

olaliCuil

: fand:Us = Imperviols low/high)=se {low/hi
Park & Open/Undeveloped® 0.5% 12.0/20.0 ; 7.2/12.00
Agriculture? 0.5% 12.0/20.0 7.2/12.00
Residential 13.9% : 27.6 22.7°
Commercial 90.0% 18.8 12.8
Industria] 7% | 247 24.0
Roadway® 90.0% h 52.0 42,80

Notes:

2 Based on San Francisco Bay Area data (Woodward-Clyde, 1991) .

b Estimated using the relationship observed between the measured total and dissolved
metals concentration for the commercial and industrial land use sites in study area from
1993/94 to 1995/96. Total to dissolved conversion factor used was 82% for copper.

¢ Based on Federal Highway Administration, “Pollutant Loading and Impacts from
Highway Stormwater Runoff, Volume 3; Analytical Investigation and Research
Report,” FHWA-RD-88-008, Mclean, Virginia, April 1990.
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Table 4
ESTIMATED AVERAGE ANNUAL PRECIPITATION
FOR EACH WATERSHED BASIN IN DRAINAGE AREA
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significant factor in determining the concentration of copper in storm water ruroff (Woodward-
Clyde Consultants 1996). ‘The sources ‘of copper;;1_** ba.n‘ areas mcludeathe ~~followmg":r-‘ remdues

and; 3011 exoslon,, ‘and resi P SthldeS and herblcxdes

In regard to brake pad wear, studies of the most common 80% of brake pad types revealed that
brake pads consist of 0 to 20% copper, which wears down and is deposited on pavement through
use [Santa Clara Valley Nonpomi Source Control Program, (W oodward-Clyde, 1994)]. Based
* on-these -studies,- bxake pad wear may account for up to 63%.9! 'the copper observed in storm
waterrunoff. More studies‘are jtoeonfitm these estimatés:™

Modei Results

Table SA summarizes the results for all 10 watersheds in the study area. Table 5B summarizes
the results for Watersheds 1 through 9. Appendix A presents pollutant load calculations for each
individual watershed. The watershed-specific EMCs were calculated based upon the percentage
of each land use in the catchment and the EMCs utilized for each land use. As mentioned above,
the model was run two ways:

Woodward-Clyde = WA9653029N\3000-B-R DO/ Z49&/SDG 1



Table 5A

ESTIMATED AVERAGE ANNUAL COPPER LOAD FOR EACH
MODELED PARAMETER FOR ENTIRE DRAINAGE AREA
(WATERSHEDS 1 THROUGH 10)

Total
Copper

4732kg
(1,041 b}

460 kg
(1,012 bb)

129.1 kg
(284 Ib)

640.5 kg
{1,409 Ib)/
1,067.7kg

{2,349 Ib)

280 kg
(616 Ib)

2,043.6kg/
2,470.1 kg

(4,491 /
5,436 Ib)

Dissolved
Copper

4159 kg
(915 b)

3186 kg
(701 )

65 kg
(143 )

383.2 kg
(843 Ib) /
638.5 kg
(1,405 Ib)

167.7kg
(369 Ib)

1,386.8 kg /
1,6842.3kg

(3,0511b/
3,6131b)

Table 5B
ESTIMATED AVERAGE ANNUAL COPPER LOAD FOR EACH MODELED
PARAIVIETER FOR URBANIZED PORTIONS OF THE DRAINAGE AREA

(WATERSHEDS 1 THROUGH 9)

Woodward-Clyde w

Total 379.1 kg 444.1 kg 112.7 kg 78.2kg 28.6kg 245kg | 1,288.2kg/ | 2,834 1b/
Copper (8341} | (977 1b) (248 b) (172 by (63 b} (58381} | 1,340kg 2,948 b
130 kg
{286 b}
Diss. 333.6 kg 307.7 kg 56.8 kg 46.8 kg 17.3kg | 146.8kg| 908.6ky/ 1,998 Ib/
Copper (734 b) (677 1b) (125 1b) {103 b}/ (38 b} (323 1) | 939.5kg 2,067 b
77.7kg
(171 1b)
y-o)
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(1) To estimate total copper load originating in runoff from the entire San Diego Bay
watershed, including the non-urbanized areas above the reservoirs (Watersheds 1 through
10); and

(2) To estimate copper load originating from the urbanized areas below the reservoirs only
(Watersheds 1 through 9).

The following equation was used to estimate total runoff in acre-feet/year for each basin:

_ AX[(095x1)+(02xp)IxP

Q 12~
= runoff volume, acre-ft/yr.
A = area of watershed basin, acres
1 = percent impervious, dimensionless
p = percent pervious, dimensionless

P = annual precipitation, inches

Stormwater runoff from the 278,860-acre study area is estimated at 81,311 acre-feet per year
(36,842 acre-feet per year from the 99,526 acres within Watersheds 1 through 9). This discharge
typically contains large quantities of sediment, approximately 5.2 X 10° kg/yr (5,700 tons/year) of
suspended solids from urbanized Watersheds 1 through 9. No sediment quantity data was
available for Watershed 10. Sediments are associated with relatively high levels of trace metals
including copper. Since sufficient data were not available for park/open land use from San
Diego Monitoring Program, a low and high range of EMCs, 12 and 20 pg/l for total copper and
7.2 and 12 pg/l for dissolved copper, respectively, were used in the pollutant load model based
on values from Santa Clara Valley and San Francisco Bay Area Stormwater Monitoring
Programs, respectively. Annual load estimates from the entire study area (Watersheds 1-10) are
2,043.6 kg (4,496 1b) and 1,386.8 kg (3,051 1b) of total and dissolved copper, respectively, using
the lower park/open land use EMC, and 2,470.1 kg (5,436 1b) and 1,642.3 kg (3,613 Ib)
park/open land use EMC. Using the high range EMC for park/open land increases the copper
load to the Bay by 19 and 17 percent for total and dissolved copper, respectively.

Based on the modeling results for the entire watershed (Table 6A), using low range of EMC for
park/open land from Santa Clara Valley Stormwater Monitoring Program, industrial land use
represents approximately five percent of the study area but contributes approximately 23 percent
of the total and dissolved copper load to the Bay. Residential land use represent less than
eighteen percent of the study area and contributes approximately 23 and 30 percent of the total
and dissolved copper load to the Bay, respectively. Together, commercial and industrial areas
occupy only 7.1 percent of contributing watersheds but are estimated to contribute 29 and

D
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28 percent of the total and dissolved copper, respectively. Park/open land covers three-quarters
of the study area and contributes 31 and 28 percent of the total and dissolved copper,
respectively. Roads cover just under 2 percent of the study area and are estimated to contribute
approximately 14 and 12 percent of the total and dissolved copper load, respectively.

Table 6A
PERCENTAGE OF COPPER LOAD FROM EACH
LAND USE BASED ON MODEL RESULTS
(WATERSHEDS 1 THROUGH 10)

17.9 5.4 1.7 66.5 8.6 1.9

ihie s
Total Copper 1101 | 25188 | 6452 | 313432 | 305 | 137113
Dissolved Copper | 30.0/253 | 23.0/18.4 | 47/40 | 2761388 | 2622 | 124102

Table 6B
PERCENTAGE OF COPPER LOAD FROM URBANIZED PORTIONS
OF WATERSHED BASED ON MODEL RESULTS
(WATERSHEDS 1 THROUGH 9)

alan 47
Rl :
Total Copper 29.4/28.3 34,5/33.2 8.8/8.4 ‘ 6.1/9.7 1 2.221 19.0/18.3
Siesoived Copper | 3677355 | 3a.9/@27 | 6381 | 5183 [ iota | 16./158

Distribution of copper load contribution to the Bay slightly changes when using high range of
EMC for park/open land from the Bay Area. Industrial land use contributes approximately
19 percent of the total and dissolved copper load to the Bay. Residential land use contributes
approximately 19 and 25 percent of the total and dissolved copper load to the Bay, respectively.
Together, commercial and industrial areas are estimated to contribute 24 and 23 percent of the
total and dissolved copper, respectively. Park/open land contributes 43 and 40 percent of the

o)
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total and dissolved copper, respectively. Roads are estimated to contribute approximately 11 and
10 percent of the total and dissolved copper load, respectively.

The significance of contributions from various land uses is different when the model is run for
the urbanized portions of the watershed only (Watersheds 1 through 9). Industrial, residential,
and commercial runoff contribute a greater proportion of the copper load (approximately three-
quarters), while the contribution from parks and open space is lower. Specifically, industrial
runoff contributes 35% of total and 34% of dissolved copper (low EMC) and 33% of total and
dissolved copper (high EMC); residential runoff contributes 29% of total and 37% of dissolved
copper (low EMC) and 28% of total and 36% of dissolved copper (high EMC); and commercial
runoff contributes 9% of total and 6% of dissolved copper (low EMC) and 8% of total and 6% of
dissolved copper (high EMC). Since the percentage of park and open space land within
Watersheds 1 through 9 is only 26%, the copper load from this type of land use is
correspondingly smaller—Iless than 10% of the total and dissolved copper load. :

Although these results provide some insight into the major sources of stormwater pollutants,
confirmation of some of the basic assumptions of the model are necessary. Open land and
agricultural land uses undoubtedly contribute some of the copper. However, insufficient data
were available from the study area to assess this contribution. EMC data for the park and open
space land uses were provided by Santa Clara Valley Storm Water NPDES Monitoring Program
from 1987 through 1994 and San Francisco Bay Area Storm Water Monitoring Program in 1996.
EMC data from the FHW A (1990) study also indicate that major roadways may still be a primary
source of copper to the Bay.

Table 7 compares estimated EMCs, calculated using the spreadsheet model, with EMCs
measured for each storm event at the mass loading stations. Generally, the majority of the
estimated EMCs were within one order of magnitude when compared with the measured EMCs. -
EMCs for copper at the mass loading stations on at Switzer and Chollas Creeks were 29.29 and
28.99 pg/l respectively. Both Switzer and Chollas Creeks are within basin two of the study area
with total area of approximately 11,800 acres and total annual runoff volume of approximately
4,600 acre-feet. The total contribution of copper to San Diego Bay from the Switzer and Chollas
Creek watersheds is one-fifth of a ton per year compared to approximately one-third of a ton per
year estimated from land use stations within the same basin. Mass loading stations results were
not used in total copper load calculation to the San Diego Bay to avoid redundancy, however,
results from these stations were used to double-check copper loads from land use stations within
Watershed 2. Both methods of monitoring, mass loading and land use monitoring, yielded
comparable results. '

Copper Loading from Bayside industries

EMCs used to calculate copper loading from San Diego watersheds were calculated based on
flow-weighted composite samples collected from various locations throughout San Diego
County. One limitation of the data is that they were collected upstream from the heavily
industrialized areas located directly adjacent to San Diego Bay (this was mainly because of
difficulties in siting monitoring stations due to tidal influence within the storm drains in the low-
lying lands adjacent to the Bay). Consequently, the data did not include runoff from areas
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suspected to contain elevated concentrations of copper in runoff (e.g., Lindbergh Field, Naval
facilities, shipyards). The RWQCB’s industrial storm water genercl permit annual report
database was reviewed to determine which facilities had analyzed their runoff for copper. No
data on copper were reported for Lindbergh Field or certain shipyards. However, 33 data points
for copper were available from the Navy Fleet Industrial Supply Center at Point Loma. The
‘average copper concentration in runoff from this facility was 0.075 mg/l. This value appeared to
be within reasonable limits of copper values measured in runoff from other heavy industrial
facilities reported in the RWQCB database (although limited data from one shipyard indicated
concentrations as high as 0.7 mg/l). Thus, it was selected as a “representative” value and utilized
to calculate estimated copper loadings in storm water runoff from the Bayside industries.

Bayside industrial facilities that were included in this calculation included:

o Naval facilities (total of approximately 4,800 acres, including facilities on Point Loma, Naval
Air Station, North Island (NASND), Naval Amphibious Base, and NAVSTA)

e San Diego Airport (Lindbergh Field; approximately 488 acres, based on facility’s Notice of
Intent to comply with the Tndustrial Storm Water permit)

"o Shipyards and other Bayside industrial facilities (approximately 550 acres)

Assﬁming that the facilities are completely paved (100% impervious) and assuming an average
annual rainfall of 10 inches, this would result in up to 461 kg (1,014 1b) of copper entering San
Diego Bay due to runoff from these facilities. This loading value 1s approximaté.

DRY WEATHER COPPER SOURCES

- So-called “dry weather”, flows include all water inputs to San Diego Bay that occur during
oxtended ‘diy periods and/or year-round. These may include treated process water and waste
water discharges (NPDES permitted discharges), natural river base flows (generally resulting
from groundwater infiltration in a gaining stream), reservoir releases (more common during wet-
weither, but occasionally Jasting into the summer months), and incidental and/or illegal
discharges. Each of these categories and its potential significance is discussed below.

NPDES Permitted Discharges

NPDES process water and waste water discharges are commonly discharged to waters of the
United States in many parts of the country. However, in San Diego, the vast majority of these
discharges have been eliminated since 1964, with most discharges being routed to the saniiary
sewer system with ultimate disposal to the deep ocean outfall 4v2 miles offshore in the Pacific
Ocean. Some bayside industrial facilities and facilities with permanent dewatering systems that
discharges to San Diego Bay still have NPDES permits with associated waste discharge
requirements. However, NPDES_pemliktted discharges are not considered a significant source of
copper to the Bay. .

0
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Table 7

COMPARISON OF ESTIMATED EMCs WITH MEASURED
EMCs AT MASS LOADING STATIONS (g

Total Copper

Dissolved Copper 20.5 21.7 20.8 12.4

Reservoir Releases

The Sweetwater Authority and City of San Diego Department of Water Utilities (both water
purveyor members of the San Diego County Water Authority) operate and maintain four water
supply reservoirs in the foothills to the east of San Diego Bay: the Loveland and Sweetwater
Reservoirs (on the Sweetwater River), and upper and lower Otay Reservoirs (on the Otay River).
The Sweetwater Authority adds copper sulfate to control algae growth in the reservoirs. The San
Diego Department of Water Utilities curtailed its use of copper sulfate in 1992. In seasons of
high rainfall, water agencies release water from the reservoirs, sending water containing potential
copper downstream and into Sar Diego Bay.

The Sweetwater Authority (Robert A. Perdue Water Treatment Plant) adds approximately
16,000 Ibs of copper sulfate per year to the Sweetwater Reservoir (annual average, based on
10 years of data; Dennis Bostad, Sweetwater Authority, Pers. Comm.). Assuming that all of this
copper sulfate dissolves and does not adsorb to sediments in suspension or at the bottom of the -
reservoir, this would correspond to 2,895 kg (6,369 1bs) of copper, calculated based on molecular
weight. The Sweetwater Authority controls releases from the reservoir-system. Releases occur
on an irregular schedule; some years there are no releases, while in other years, there are multiple
releases. Between 1927 and 1955, there were a total of 49 releases; however, these releases
- occurred during only 12 calendar vears (Dennis Bostad, Sweetwater Authority, Pers. Comum.).
For our estimate, we have assumed an average annual release of 6,074 acre-feet/yr. Sweetwater
Reservoir has an average capacity of 13,700 acre-feet (average annual capacity since 1980).
Using the average annual release volume calculated above, this results in an average annual
contribution of copper of 1,274 kg (1,284 1b) to San Diego Bay.

However, a large percentage of this added copper does not go into solution, but rather, adsorbs to
sediments. The Sweetwater Authority monitors reservoir water quality, including dissolved
copper. Based on copper data obtained between 1985 and 1995, the average dissolved copper
concentration was 55 ug/l. Using this concentration, the average annual copper load resulting
from reservoir releases would be lower, estimated at 410 kg/year (902 Ib/year). The majority of
reservoir releases occur in the winter, during the rainy season. Since rainfall and runoff
processes tend to disturb bottom sediments and increase turbidity, it is likely that the actual
- copper loading value lies somewhere between these extremes.

Py =
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Natural River Base Flows

The major rivers discharging into San Diego Bay include the Otay River, Sweetwater River,
Paleta Creek, Chollas Creek, and Switzer Creek. For the most part, these are intermittent streams
that flow in winter when there is sufficient rainfall, runoff, shallow subsurface flow to generate
stream flow. Additionally, flows in the Sweetwater and Otay Rivers are controlled by releases
from the upland reservoirs (see above). Most of these streams experience tidal influence within
% to ¥2 mile of the Bay. No information is currently available as to the division of groundwater
and tidal inflow within these nearshore areas. Further, no information regarding dry season flow

(if any) is available. For purposes of this study, natural stream baseflow is nat considered to be a_
major source of water-borne copper to San Diego Bay.

According to data provided by the City of San Diego Department of Water Utilities, dissolved
copper concentrations in water from the Otay Reservoirs averaged 7.8 pg/l (based on data
collected between 1992 and 1995). Because these data were collected since the Department
ceased its use of copper sulfate, they are considered representative of background dissolved
copper levels. This natural background concentration of copper is extremely small and likely
contributes a nechglble amount of copper to San Diego Bay.

i
snaren

/' s e

{ lnmdental/]llega! Dlscharges

Incidental and/or illegal d1scharges are non-storm water discharges to streams or the storm drain
system arisinc from water usage in the watershed This may include incidental water uses such

et
S

Cities of San Diego, ,Chula‘-N_lsta; C@r@nade ImpPrlal,Beach and. National Cxty) conduct ﬁelc{_
screemng of dry season discharges to identify potential pollutants and sources. o

Typically, these investigations involve conducting field visits to the major outfalls within the city
limits The visits are conducted once or twice a year, generally during the summer months

~6:0-mgft- de*pe"'cl‘fﬁ”g”?ﬁﬁfﬁgﬂtgs“t”kﬂ Some cities, such as the City of Chula Vista, estimate < the
 flow Tate at the outfall fall at the time of the visit™ Other cities-do-notestirmate the flow Tate ar alf.
HOWEVé"“, since fice the visi nce the visits coﬂnstmgfte—»awsmgleﬁpmnt._m*we and since dry weather flows are-
frequently intermittent (or may occur at night or at times other r than when the Field Visits-are
conducted), it "is mot possible to calculate a load on the basis of these investigations. -
"Furthermore;as ot this tirme; there do ot appear to be any credible studies available from the
published literature that attempt to quantify pollutan: loadings from this source (Dr. L. Donald
Duke, Assistant Professor, Environmental Science and Engineering Program, U.C.L.A., pers.
commt. ).

<a
‘Woodward-Clyde &% WA9ESI029N3I000-BR DO/ 740esDG 14



CONCLUSIONS

A summary of estimated copper loadings from each of the sources discussed in this report 1s
nresented in Table &. Note that loading values are presented as ranges (lowest and highest
credible values). Based on the estimates developed in this study, total copper loadings to San
Diego Bay from wet and dry w ath ws are estimated at between 1,698 and 4,205 kg/year
(3.736 - 9,250 Ib). This total copper loading consists of 2pprox! ly 1,288 - 2,471 kg (2,834 -
5.436 1b) from storm water runoff and kg (902- 3,814 Ib) from dry-weather
dischargéy

k]

In general, the quality of the data used to estimate loadings from storm water runoff is believed to
be good, since these estimates were developed based on recent flow-weighted composite samples
from watersheds draining into San Diego Bay (or recent data from the San Francisco Bay Area,
the geographically nearest and most recent data available on copper in runoff from open space).
The quality of estimates for non-storm water discharges is not as high, due to the relative scarcity
or complete lack of published data on which to formulate credible estimates. The most
significant data gap in this regard is the absence of data on loadings from illicit connections and
illegal dumping. Itis recommended that future studies should be conducted to quantify loadings
from this source. Such studies could include intensive flow and water quality monitoring of dry-
weather discharges at outfalls known to have frequent flows. In addition, storm water runoff
quality data collected by Bayside industries for compliance with the industrial storm water
general permit will serve as an increasingly useful database for estimating loads from industrial
facilities along the Bayshore.
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al

26,053
20,268
4,647
3,832
4,837
1,987

29,168
5261

99,526

8,944
7,755
2,560

2,438

802
1,298
9,758
1917

36,842

Annual
Precip.
(inches)

11.50
11.30
10.40
10.80
11.00
10.60
10.60
12.50
11.70

it Loads In Pounds
. ind.
27 86
24 59

it Loads in Pounds
L ind.
31 59
27 41

t Loads in Pounds
. Ind.
27 113
24 78

t Loads In Pounds
. Ind.
21 30
18 21

t Loads in Pounds
. ind.
42 35
37 24

t Loads In Pounds
. Ind.
116 271
102 188

t Loads in Pounds
Ind.

39 56

35 29

r all 8 Basins

. Ind.
834 977
734 877

Comm.

Comm,

Comm.

Comm.

[]

Comm.

Comm.

Comm.

Comm.
248
128

Parks/open
fow Ag
3
2

Parks/open
fow Ag
6
4

Parks/open
fow

low Ag

low Ag

Parks/open
low Ag
172
103

o

o

[=]

Roads

58

Roads

Roads

53

Roads

Roads

Tat. Poundsiyr

Roads
539 2,834
323 1,999

" LOAD FROM EACH LAND USE BASED ON MODEL RESULTS

. Ind.

o 14.6%
o 34.5%
Yo 33.9%

Comm.
4.4%

B.8%
83%

Parks/open
low Ag
26.1% 9.4%
6.1% 22%
5.1% 1.9%

Roads
4.7%

18.0%
16.1%

Total
248
160
Total

108

Total
239
161
Total

438

Total
101
74

Total
847
442

Totat
143
101

Tot. Tonsiyr

1.417
0.999



NONPOINT SOURCE LOADING SUMMARY. FOR 1993/94 THROUGH 1995/96 WET SEASONS - MASS LOADING SITES

DISTRIBUTION OF LAND USE PER BASIN (acres)

Multi- Single Light Heavy Comm- Park Agriculture
Family Family Industry Industry ercial
Residential  Residential
% Impervious 0.4 0.1 0.7 0.8 0.8 0.005 0.005
Basin
Switzer 591 569 274 4 201 509 153
Chollas 1,381 4,420 908 22 879 1,264 34
TOTAL 1,982 4,989 1,183 22 1,080 1,773 187
Runoff
Switzer 249 132 167 0 148 37 26
Chollas 638 1,114 604 16 705 236 6
RUNOFF FOR CONSOLIDATED {LAND USE CLASSIFICATIONS {acrefeet)

Res. Ind. Comm. Park Ag Roads Tot.
% impervious 18.5% 702% 80.0% 0.5% 0.5% 90.0%
Switzer 380 167 148 87 26 116 925
Chollas 1,752 620 705 238 6 348 3,668

CALCULATED AREA-WIDE EMCs FOR 1993/94 THROUGH 1895/95 WET SEASONS
Res. ind. Comm. Parksfopen Ag Roads
low

Total Cu 0.0258 0.0347 0.0254 0.0120 0.0120 0.0520
Diss. Cu 0.0227 0.0240 0.0128 0.0072 0.0072 0.0311
Switze; Poilutant Loads in Pounds Parks/open

Res. {nd. Comm low Ag Roads
Tatal Cu 27 16 10 3 1 16
Diss. Cu 23 kR 5 2 1 10
Chollas Poliutant Loads in Pounds Parks/open

Res. Ind. Comm. low Ag . Roads
Total Cu 123 58 49 8 0 49
Diss. Cu 108 40 25 5 0 29

Roads

Total

Total

0.8

157

434

591

116
348

73
52

287
207

Total

2,454
. 9,353

11,807

925
3.668

Estimated
EMC
0.028922
0.020487

Estimated
EMC
0.028799
0.020789

Annual
Precip.
(inches)

10.10
11.00



NONPOINT SOURCE

LOADING SUMMARY_FOR 1993/94 THROUGH 1895

196 WET SEASONS - 2 SAN DIEGO BAY WATERSHEDS

DISTRIBUTION CF LAND USE PER BASIN (acres}
Muiti- Single Light Heavy Comm- Parks Agricufture
Family Family Industry industiry ercial
Residential Residential
% impervious 0.4 0.1 0.7 0.8 09 0.005 ¢]
Basin : ’ .
1 1,262 12,492 1,670 98g 1,282 6,828 875
2 2,008 10,453 2,066 210 1,162 2,972 229
3 538 627 1,042 366 646 518 5
4 147 1,505 967 98 1,064 21
5 297 1,011 1,790 8 73 616 256
[ 92 1,062 483 105 128
7 285 1,962 565 7 284 302 9
8 900 4,152 1,131 2,422 503 12,980 6,347
9 239 1,680 297 488 207 601 1,577
TOTAL 5,768 34,924 10,021 4,481 4,360 26,007 9,31¢
Basin RUNOFF (acre-feet)’
1 605 3,282 1,160 758 1,075 1,333 171
2 945 2,707 1,410 158 957 570 44
3 233 148 655 254 480 91 1
4 66 372 631 o] ked 195 4
5 136 255 1,180 7 59 115 48
§ 41 258 316 0 81 23 0
7 126 477 362 s 220 54 2
8 469 1,189 854 2,018 453 2,785 1,347
] 117 445 210 381 177 119 313
RUNOFF FOR CONSOLIDATED LAND USE CLASSIFICATIONS (acre-feet)
Residential industrial Cammercial Parks Agricutture Roads Total
% lmpervious 0.14 0.73 a.80 a.01 .01 0.80
Basin
1 3,897 1,918 1,075 1,333 171 549 8,944
2 3,652 1,569 957 570 44 962 7,755
3 383 908 490 91 1 686 2,560
4 4398 631 77 195 4 24 1,369
5 391 1,196 53 118 48 630 2,438
8 293 316 81 23 0 34 802
7 602 367 220 54 2 53 1,298
8 1,658 2,872 458 2,755 1,347 668 9,789
9 562 581 177 119 313 185 1,917
Total 36,842
CALCULATED EMCs FOR 1993/34 THROUGH 1896/95 WET SEASCNS
Parameter Resideintial industrial Commercial Parks/open Agricuiture Roads
high
Total Cu 0.0258 0.0347 0.0254 1 0.020 0.012 0.0520
Diss. Cu 0.02270 0.0240 0.0128 0.01497 0.00718 0.03111
Basin 1 pollutant Loads in Pounds Parks/open
Res. ind. Comm high Ag Roads
Total Cu 274 181 74 73 6 78
Diss. Cu 241 125 37 43 3 46
Basin 2 Poliutant Loads In Pounds Parks/open
Res. Ind. Cormm. high Ag Roads
Total Cu 258 148 66 31 1 126
Diss. Cu 228 102 a3 18 1 81

Roads

1

0.9

655

,168

785
109

733
182

4,636

549

636
24

668
188

T_'OTAL

Total

Total

6§0%

684

639
482

Total

26,053
20,268
4,647
3,832
4837
1,987
3,483
29,168
5251

99,526

8,944
7,755
2,560
1.36%
2,438

802
1,298
9,758
1,817

36,842

Annual
Precip.
(inches)

11.50
11.30
10.40
10.80
11.00
10.60
10.60
12.80
11.70



Basin 3
Tatal Cu
Diss. Cu
Basin 4
Total Cu
Diss. Cu
Basin §
Total Cu
Diss. Cu
Basin g
Total Cu
Diss. Cu
Basin 7
Tatal Cu
Diss. Cu
Basin 8
Total Cu
Oiss. Cu
Basin 9

Total Cu
Diss. Cu

Poliutant L.oads in Pounds
Res. Ind.

27 88

24 58

Pollutant Loads in Pounds
Res. ind.

31 53

27 41

Pollutant Loads In Pounds
Res. Ind.

27 113

24 78

Pollutant Loads In Pounds
Ind.

21 30

18 21

Pollutant Loads in Pounds
Res, ind.

42 35

37 24

Pollutant Loads in Pounds
Res. Ind.

116 271

102 188

Poilutant Loads in Pounds
Res. Ind.

39 56

35 33

Total Poliutant Load for ali 9 Basins

Totat Cu
Diss. Cu

Res.
834
734

Ind.
977
677

Comm.

Comm.

Comm.

Comm.

Comm.

Comm.

32
16

Comm.

Comm.

248
125

Parks/open
high

Parks/onen
high
11

Parks/open
high

[=}]

Parks/open
high

Parks/open
high

w -

Parks/open
high
150

Parks/open
high

Parks/open
high
286
171

Ag

Ag

Ag

Ag

Ag

Ag

Ag

o

Q

63
38

Roads

58

Roads

Roads
89
53

Roads

Roads
94
57

Roads
22
13

Tot. Poundsfyr

Roads
539
323

2,948
2,067

% POLLUTANT LOAD FROM EACH LAND USE BASED ON MODEL RESULTS

% Land Uss

Total Cu
Diss. Cu

Res, Ind.
40.9% 14.6%
28.3% 332%
35.5% 32.7%

Comm
4.4%

8.4%
6.1%

Parks/open
high
26.1%

8.7%
8.3%

Ag
9.4%

2.1%

1.8%

Roads
4.7%

18.3%
15.6%

Total

Total

-Total

Total

Totai

Total

Totaf

248
161

110
79

241
162

69

103
75

707
478

148
103

Tot. Tons/yr

1.474
1.033



NONPOINT SOURCE LOADING SUMMARY FOR 19983/94 THROUGH 1995/96 WET SEASONS - MASS LOADING SITES

DISTRIBUTICN OF LAND USE PER BASIN (acres)

Multi- Single Light Heavy Comm- Park Agriculture
Family Family industry industry ercial
} Residential Residential
% lmpervious 0.4 a.1 0.7 0.8 0.9 0.005 0.005
Basin
Switzer 591 569 274 0 201 .509 183
Chollas 1,391 4,420 902 22 879 1,264 34
TOTAL 1,982 4,989 1,183 22 1,080 1,773 187
Runofl
Switz el 248 132 167 0 148 87 26
Chotlas 638 1,114 604 16 705 236 6
RUNOFF FOR CONSOLIDATED LAND USE CU\SSlFl(EATlONS (acre-feet)
Res. ind. Comm. Park Ag Roads Tot.
% \mpervious 18.5% 70.2% 90.0% 05% 05%  90.0%
Swatzer 380 167 148 - 87 26 116 928
Chollas 1,782 620 705 236 6 348 3,668
CALCULATED AREA-WIDE EMCs FOR 1993/34 THROUGH 1995185 WET SEASONS
Res. Ind. Comm. Parksfopen Ag Roads
high
Total Cu 0.0258 0.0347 0.0254 0.0200 Q.0120 0.0520
Diss. Cu 0.0227 0.0240 0.0128 0.0120 0.0072 0.0311
Switzer - poliutant Loads In Pounds parksfopen
Res. ind. Caomm. high Ag Roads
Total Cu 27 16 10 5 1 16
Diss. Cu 23 11 5 3 1 10
- Chollas poliutant Loads in Pounds Parks/open
Res. Ind. Comm. high Ag Roads
Total Cu 123 58 49 13 [s} 49
Diss. Cu 108 40 25 8 o 28

Roads

Total

Total

0.9

157

434

591

116
348

53

292
210

Total

2,454
9,383

11,807

925
3,668

Estimated
EMC
0.028677
0.020948

Estimated
EMC
0.029314
0.021097

Annuat
Precip.
{inches)

10.10
11.00



NONPOINT soURce COPPER LOADING SUMMARY FoR SAN DIEGO BAY TMDL STUDY - LAND USE SITEs

DISTRIBUTION OF LAND USE PER BASIN {acres)
Mutti- Single Light Heawy Comm-  Parks/open Agriculture Roads
Famiiy Famity Industry Industry ercial space
Residentiat Residential
% Impervious 0.4 0.1 0.7 0.8 0.9 0.005 0.005 0.9
Basin .
1 1262 12,492 1,670 889 1,282 6,828 875 855
2 2,008 10,453 2,068 210 1,162 2,972 229 1,168
3 538 627 1,042 368 646 518 5 205
4 147 1,505 867 .88 1,064 21 3¢
B 297 1.011 1,790 g 73 616 256 785
5 92 1,062 493 105 128 109
N 285 1.967 565 7 284 302 9 69
8 900 4,152 1,131 2,422 503 12,980 5,347 733
] 239 1.660 287 488 207 601 1,877 182
10 Q 9,178 438 [¢] 505 158,547 3,139 532
TOTAL 5,768 44 0599 10;457 4,491 4,865 188,554 18,458 5,168
Basin RUNOFF (acrefeet) .
1 805 3.282 1,160 758 1,078 1,333 171 549
2 945 2,707 1,410 158 957 570 44 862
3 233 149 655 254 490 91 1 . 686
4 65 372 8§31 ] 77 195 4 24
S 136 285 1.150 7 59 115 48 630
§ 41 258 316 a 81 23 [¢] 84
7 126 477 362 5 220 o4 2 53
8 469 1,189 854 2,018 458 2,755 1,347 668
9 117 445 210 381 177 119 313 155
10 0 2,944 389 0 516 37,926 2,172 543
TOTAL
RUNOFF FoR CONSOLIDATED LAND Use CLASSIFICATIONS {acre-feet)
Residentia] Industriai Commercial Parks/open Agriculture Roads Total
low
% Impervious 0.13 0.73 0.80 0.005 0.005 0.80
' Basin
1 3,897 1,819 1,075 1,333 171 549 8,844
2 3,652 1,569 957 570 44 962 7,755
3 383 908 480 91 1 688 2,560
4 439 631 77 185 4 24 1,369
5 391 1,186 53 115 48 630 2,438
[ 299 316 81 23 0 84 802
7 602 367 220 54 2 53 1,288
8 1,658 2,872 458 2,755 1,347 668 9,759
38 562 591 177 118 313 155 1,917
10 2,944 369 516 37,926 2,172 543 44,469
Total 31,311
CALCULATED EMCs FOR 1953/94 THROUGH 1398/35 WET SEASONS
Parameter Residentia| Industrial Cemmercial Parks/open Agriculture Roads
high
Total Cy 0.0258 0.0347 0.0254 0.020 0.012 0.0520
Diss. cy 0.02279 0.0240 0.0128 Q.01197 Q2.00718 0.03111 60%
Basin 1 Poilutant Loads in Pounds Parks/open Totaf
Res. Ind. Comm,. high Ag Roads
Total Cu 274 181 74 73 4 78 684
Diss, Cy 241 125 37 43 3 46 496
Basin 2 Pollutant Loads in Pounds Parks/open Total
Res. Ind. Comm. high Ag Roads
Total Cy 256 148 86 31 1 136 639

Total

26,053
20,263
4,647
3,832
4,837
1,987

29,168
5,251
179,334

278,880

7,755
2,860
1,368
2,438
802
1,298
9,759
1917
44,463

81,311

Annual
Precip.
(Inches)

11.50
11.30
10.40
10.80
11.00
10.60
10.80
12.50
11.70
14.00



Diss. Cu

Basin 3
Total Cu
Diss. Cu
Basin 4
Total Cu
Diss. Cu
Basin §
Total Cu
Diss. Cu
Basin 6
Total Cu
Diss. Cu
Basin7
Total Cu’
Diss. Cu
Basin 8
Total Cu
Diss. Cu
Basin 8
Total Cu
Diss. Cu
Basin 10

Total Cu
Diss. Cu

Total Pollutant Load for alt 10 Basins
Res

. ind.
Total Cu 1,041 1,012
Diss. Cu 815 701
Y POLLUTANT LOAD FROM EACH
Res. ind,
%, Land Use 17.9% 5.4%
Total Cu 19.1% 18.6%
Diss. Cu 25.3% 19.4%

226 102

poliutant Loads in pounds
Res. Ind.

27 86

24 58

poltutant Loads in pounds
Res. ind.

31 59

27 41

poliutant Loads in pounds
Res. wna

27 113

24 78

Pollutant {.oads in pounds
Res. ind.

21 0

18 21

poilutant Loads in Pounds
Res. Ind.
42
37 24

poliutant Loads in pounds
Res. ind

118

102

271
188

poliutant L.oads in pounds
Res. Ind.

39 £6

35 39

poltutant Loads in pounds
ind

207 35
182 24

23

Cormm.
34
17

Comm.

[RE4)

Comm.

»

Comm.

Comm.

Comm.
32
16

Comm.

Comm.
36
18

Comm.
284
143

LAND USE BASED ON

Comm.
1.7%

5.2%
4.0%

19 1 81
Parksiopen
high Ag Roads
5 Q g7
3 0 58
parks/open
high Ag Roads
11 ] 3
6 o] 2
parks/open . '
ngh A Roads
] N 89
4 1 53
Parks/open
high Ag Roads
1 0 12
1 o] 1
parksiopen
high Ag Roads
3 ¢ 8
2 Q S
pParks/open
high Ag Roads
150 44 94
90 26 57
Parks/open
high Ag Roads
[ 10 22
4 8 13
Parksfopen
high Ag Roads
2,063 71
1,234 42 46
pParks/open Tot. Pounds/yt
high Ag Roads
2,349 124 616 5,436
1,405 80 369 3613
MODEL RESULTS
parks/open
high Ag Roads
66.5% 6.6% 1.9%
43.2% 2.5% 11.3%
38.9% 22% 10.2%

462

Total
248
161

Total
110
79

Total
241
162

Total
69
50

Total
103
75

Total
707
- 478

Total
146
103

Total
2,488
1,547

Tot. Tonslyr

2718
1,807



NONPQINT SOURCE COPPER LOADING SUMMARY FOR SAN DIEGO BAY TMDL STUDY - MASS LOADING SITES

DISTRIBUTION OF LAND USE PER BASIN (acres)

Multi- Single Light Heavy Comm-  Parks/open Agriculfure Roads
Family Family industry Industry ercial high '
Residential  Residential
% Impervious 0.4 0.1 Q0.7 0.8 0.9 0.005 0.008 0.9
Basin .
Switzer 591 563 274 0 201 509 153 157
Chollas 1,361 4,420 809 22 879 1,264 34 434
TOTAL 1,882 4,989 1,183 22 1.080 1,773 187 591
Runoff
Switzer 249 132 167 0 143 87 26 118
Chollas 638 1,114 604 18 705 238 [ 348
RUNGCFF FOR CONSOLIDATED LLAND USE CLASSIFICATIONS {acre-feet)
Res. Ind. Comm. Parks/open Ag Roads Tot.
high
% Impervious 18.5% 70.2% 90.0% 0.5% 0.5% 94 0%
Switzer. 380 167 148 87 26 116 925
Chollas 1,752 620 705 236 <] 348 3,668
CALCULATED AREA-WIDE EMCs FOR 1983/34 THROUGH 1995/35 WET SEASONS
Res. Ind. Comm. Parks/open Ag Roads
high

Total Cu 0.0258 0.0347 0.0254 €.0200 g.0120 0.0520
Diss. Cu 0.0227 0.0240 0.0128 a.0120 0.0072 Q.0311
Switzer Pollutant Loads in Pounds Parks/open

Res. Ind. Comim. high Ag Reads Total
Total Cu 27 16 10 5 1 16 75
Diss. Cu 23 11 ] 3 1 10 53
Choilas Poliutant Loads in Pounds Parks/open

Res. ind. Comm. high Ag Roads _ Total
Total Cu 123 58 49 13 0 49 292
Diss. Cu 108 40 25 8 0 29 210

Total

2,454
9,353

11,807

925
3,668

Estimated
EMC
0.0298677
0.020948

Estiinated
EMC
0.029314
0.021097

Annual
Precip.
(inches)

10.10
11.00



NONPOINT SOURCE COPPER LOADING SUMMARY FOR SAN DIEGO BAY TMDL STUDY - LAND USE SITES

DISTRIBUTION OF LAND USE PER BASIN (acres) Annual
Multi- Single Light Heavy Comm- Parks/open Agricutture Roads Total Precip.
Family Family Indus.ry industry ercial space {inches)
Residential  Residential
% Impervious 0.4 0.1 0.7 0.8 [oRe] 0.005 0.005 09
Basin )
1 1,262 12,492 1,670 989 1,282 6,828 87% 655 . 26,053 11.50
2 2,008 10,453 2,066 210 1,162 2972 229 1,168 20,268 11.30
3 538 627 1,042 366 646 518 5 8as 4,647 10.40
4 147 1,505 967 98 1,064 21. 30 3,832 10.80
5 297 1,011 1,780 9 73 616 256 785 4,837 11.00
5 92 1,062 493 105 126 109 1,987 10.60
7 285 1,962 565 7 284 302 9 58 3,483 10.60
8 900 4,152 1,131 2,422 503 12,980 6,347 733 29,168 12.5Q
9 238 1,660 297 488 207 601 1,577 182 . 57281 11.70
10 0 9,175 438 0 505 159,547 $,139 532 179,334 14.00
TOTAL 5,768 44,099 10,457 4,491 4,865 185,554 18,458 5,168 278,880
Basin RUNOFF (acrefeet)
1 805 3,292 1,160 758 1,075 1,333 17 548 8,544
2 945 2,707 1,410 158 957 570 44 962 7.755
3 233 149 855 254 490 91 1 686 2,560
4 66 372 631 0 77 195 4 24 1,369
S 126 255 1,190 7 59 115 48 630 2,438
6 41 258 316 0 81 23 ¢] 84 802
7 128 477 362 5 220 54 2 53 1,298
8 463 1,189 854 2,018 458 2,755 1,347 6638 8,753
9 117 445 210 ! 381 177 119 313 155 1,917
10 0 2,944 369 s} 516 37,928 2472 543 44 469
TOTAL 81,311
RUNCFF FOR GONSOLIDATED LAND USE CLASSIFICATIONS (acre-feet)
Residentiai {ndustrial Commercial Parks/open Agriculture Roads Total
fow
% Impervious 0.13 Q.73 0.50 0.005 0.005 0.90
Basin
1 3,887 1,919 1,075 1,333 171 549 8,944
2 3,652 1,569 957 §70 44 962 7755
3 383 908 490 91 4 686 2,560
4 439 631 77 185 4 24 1,369
5 391 1,196 59 118 48 630 2,438
g 298 316 81 23 8] 84 802
7 602 367 220 54 2 53 1,288
8 1,658 2,872 458 2,755 1,347 668 9,769
9 562 591 477 118 313 185 1,917
10 2,944 369 5186 37,928 2172 543 44 4638
Tatal g1 ,31‘\
CALCULATED EMCs FOR 1993/94 THROUGH 1996/858 WET SEASONS
Parameter Residential " industrial Commercial Parks/open Agriculture Roads
low
Total Cu 0.0258 0.0347 0.0254 0.012 0.012 0.0520
Diss. Cu 0.02270 0.0240 0.0128 0.00718 0.00718 0.03111 60%
Basin 1 Poliutant Loads in Pounds Parks/open Total
Res. ind. Comm. low Ag Roads
Tt Cu 274 181 74 44 ] 78 655
Diss. Cu 241 125 37 26 3 - 46 479
Basin 2 Pailutant Loads in Pounds Parks/open Total
Res. Ind. Comm. fow Ag Roads

Total Cu 256 148 66 19 1 136 627



Diss. Cu 226 102

Basin 3 Pollutant Loads in Pounds
Res. Ind,
Totai Cu 27 86
Diss. Cu 24 5g
Basin 4 Pollutant Loads in Pounds
Res. Ind.
Total Cu 31 58
Diss. Cu 27 41
Basin § Pallutant Loads In Pounds
Res, Ind.
Total Cu 27 113
Diss. Cu 24 78
Basin 6 Pollutant Loads in Pounds
Res. Ind.
Total Cu 21 30
Diss. Cu 18 21
Basin7 Poliutant Loads In Pounds
Res. Ind.
Total Cu 42 35
Diss. Cu 37 24
Basin 8 Pollutant Loads in Pounds
Res. Ind.
Total Cu ' 116 271
Diss. Cu 102 1838
Basin 9 Pollutant Loads in Pounds
Res. Ind.

. Totaf Cy 39 56
Diss. Cu 35 39
Basin 10 Pollutant Loads in Pounds

Res. Ind.
Total Cu 207 35
Diss. Cu 182 24

Total Poljutant Loag for ail 10 Basins

Res. Ind.
1,041 1,012
915 701

Total Cy
Diss. Cu

33 11

Parks/open

Comm. low

Parks/open

Comm, low

Parks/open

Comm,. {ow

Parks/open

Comm. low

Parks/open

Comm. low

Parks/open
Comm.
: 32 90

Cotnm,

Parks/open
low
36 1,238
18 741

Comm.

Parks/open
ow
" 1,409
843

Comm.
284
143

Ag
0
o

Ag
o]
0

Ag
2
1

Ag
)
0

Ag
0
0

Ag
44
26

Ag
10
6

Ag
71
42

Ag
134
80

81

Roads

58

Roads

Roads
89
53

Roads

Roads

[3: 3¢~

Roads
34
57

Roads
22
13

Roads
77
48

Tot. Poundsiyr

Roads
516
3639

4,496
3.051

% POLLUTANT LOAD FROM EACH LAND USE BASED ON MODEL RESULTS

Res, Ind.
% Land Use 17.9% 5.4%
Totai Cu 23.1% 22.5%
Diss. Cu 30.0% 23.0%

Parks/open
Camm. low
1.7% 66.5%
8.3% 31.3%
4.7% 27.6%

Ag
6.6%

3.0%
2.6%

Roads
1.8%

13.7%
12.1%

455

Totai
2485
180
Total

108

Totat
239
161

Total
69
49

Total
101
74

Total
. 847
442

Tatal
143
101

Totai
1,663
1.083

Tot. Tonsiyr

2.248
1.526



NONPOINT SOURCE CO

PPER LOADING SUMMARY

FOR SAN DIEGO BAY T

OISTRIBUTION OF LAND USE PER BASIN (acres)

MOL STUDY - MASS LOADING SITES

%, |mpe(vious

_ Basin
Switzer
Chollas

TOTAL
Runoff

Switzer
Chollas

Switzer
Chollas

Total Cu
Diss. Cu

Switzef
Total Cu
Diss. Cu
Chollas

Total Cu

% \mpenvious

Multi- Single Light Heavy Comm- parks/open Agricullure Roads Total
Family Family | tndustry industry ercial high :
Residential Residential
0.7 Q.8 0.9 0.005 0.005 0.9
581 569 274 ) 201 509 153 157 2,454
1,391 4,420 209 22 879 1,264 34 434 8353
1,882 4,988 1,183 22 1,080 1,773 187 581 11,807
249 132 167 ] 148 87 26 116 925
633 1,114 504 16 705 236 6 348 - 3,668
RUNQFF FOR COMSOUDATED LAND USE CLASS(FICATKONS (acre—feet)
Res. Ind. Comm. Parks/open Ag Roads
high
18.5% 70.2% '60.0% 0.5% 0.5% 90.0%
380 187 148 87 26 116 925
17592 620 708 236 [ 348 3,668
CALCULATED AREA-WIDE EMCs FOR 1 933/84 THROUGH 1995/95 WET SEASONS
Res. Ind. Comm. Parksfapen Ag Roads
high
0.0258 0.0347 .0254 0.0200 0.0120 0.0520
0.0227 0.0240 0.0128 0.0120 0.0072 0.0311
Poitutant Loads in pounds parksiopen . estimated
Res. ina. Comm. high Ag Roads Total EMC
27 16 10 s 1 16 75 0.029677
23 11. 5 3 1 10 53 0.020948
pollutant Loads in Pounds parks/open gstimated
Res. lnd Comm. high Ag Roads Total EMC
123 58 49 13 o] 292 0.029314
108 40 25 8 Q 29 210 0.021097

Diss. Cu

Annual
Precip.
(inches)

10.10
11.00



APPENDIX B
POINT SOURCE CALCULATIONS



RECEIVED

cEB 1 5199
S AN DIEGO UNIFIED PORT DISTRICT PORT OF SAN DIEGO
HARBOR pPOLICE awmmm&n&m»wmmgf

1995
yACHT c1,UB/MARINA/BOAT yARD,/ANCHORAGE
ANNUAL SURVEY

(&) slips oY BLOYS

(B) Number occupied or anchored

(C) Number ©f vessels jinvolved with live*aboard.
(E) punp-0ut station.

() shower OT Rath facilities.

() (B) (cy (D) () ()

SHELTER SLAND .
1.2 Playa yacht Club 7 004 000 000.. 000 RO NO
1a Playa Cove anchorade A-1 go0 000 oo00 000 NO NO
shelter Island (Bay—side) 000 000 oco 000 XNO NO
Sshelter Island Roadstead a-la,p.C 044 044 014 000 NO NO
Bay club Marina 154 150 014 022 NO YES
crow’s Nest vyacht prokerade 025 022 000 000 NO NO -°
cold Coast anchorade 035 .. 021 o002 002 NO. YES
Half Moon anchorade :' 180 170 o19 027 NO 'YESf?VYt
Harbor police Transient’Facility g31 016 oog 000 YES"NO'Y'““”‘
rona Kai Cclub ‘ 516 485 010 038 NO YES
pearsons Karine gservice o 000 000 000. 000-7YES*1NOf’
san Diego Marlin club - 006 oo0 000 000 NO ‘NOo T
san Dieg® yacht Club 578 578 015 017 HO YES
shelter Island Inn Marina 190. 170 920 ~ 030 RO YES
gilveYr cate vacht club 144 144 030 040 NO YES
. gouthwestern yacht Club 285 385 020 040 No  YES
Shelter Island Boatyard 036 034 og7 012 NO YES
= L9
cA’S CUP HARBO .
anchorade Area A-2 170 163 052 000 NO NO
Admiralty Marine (S‘D.Karine Fxch) 003 go2 000 goo No NO
Ball Hai'Restaurant restaurant Guest Dock only
priscoll’s Inc- os0 020 000 000 NO
gndurance Marine\Eichenlaub’s g13 013 002 002 NO YES
Fisherman’'s tanding 020 O1l6 ooQ 000 No WO
Fisherman’s village 125 066 010 015 NO YES
H&H Landing 030 022 006 012 NO YES
KoehlerAKraft co. gz0 030 o011 001 NO HO
Nielsen / peaumont g20 020 ool 002 XNO YES
point Loma Sportfishers ASSD. 030 023 003 ©007 KO NO
Red Sails Inn o012 012 goQ 000 NO NO
shelter Cove Marina 161 108 024 033 NO YES
shelter Island poatyard 036 034 007 014 NO YES

sun Harbor Marina 120 110 0l4 020 NO YES



HARBCR IST.AND )
NO

Cabrillo Isle Marina 420 320 035 044 YES
Cortez Fuel Dock 002 002 000 000 YRS YES
Convair Sailing Club 012 012 000 000 NO NO
Harbor Island West Marina 620 520 063 100 YES YES
Harbor Island West Fuel Dock 002 002 002 003 YES VYES
Marina Cortez 520 490 031 044 YES VYES
MCRD Boathouse/Marina 060 060 000 000 NO YES
NTC Aquatic Sports Center/Marina 084 064 000 000 KNO YES
Sheraton East Hotel Marina 042 042 003 006 YES VYES
Sunroad Resort Marina 610 520 100 250 YES YES
Tom Ham’s Lighthouse Restaurant 002 000 000 000 NO NO
EMBARCADERO . A
Laurel St Roadstead Anchorage A~3 142 136 039 052 NO NO.
Vicinity of Coast Guard Station 015 " 015 015 008 NO NO
Grape St. Pier North Not Occupied
Grape St. Pier South Not Occupied .
Grape St. Fuel Pier Not Occupied _
G St Mole 127 070 005 007 NO NO
Marriott Hotel Marina 446 390 000 000 NO .YES
Chart House Restaurant 002 Used during cpen hours
Anthony‘s 002 Used during cpen.hours ©
CORONADO : e
Coronadeo Landing 013 Varies 000 " NO NO
Coronado Roadstead Anchorage a-4 069 062 017 02%9. NC . NO
Coronado Anchorage A-S 0C7 C€Q@7 004 006 'NO NO
Coronado Cays Marina 056 048 005 008 NC YES
Coronade Cays Yacht Club 008 000 000 000 NO YES
Coronadc Yacht Club 260 250 026 046 NO YES
Crown Cove . 000 :000 000 000 NO YES
Glorietta Bay Marina 105 073 002 002 YES YES
Glorietta Bay Golf Course 014 014 014 006 NXNO NQO
Loews Resort Marina 08C 075 008 015 YES YES
NAB Fiddler’s Cove Marina Area A-6
(Slips) 266 233 034 080 YES YES
(Mooring Balls) 148 100 QG0 000 NOC NO
z PL2
NATIONAL, CITY
Anchorage Area aA-8 150 1350 @B5 063 NO NO
CHULA VISTA
Chula Vista Marina 552 442 055 (055 YES YES
California Yacht Marina 346 275 050 098 VYES VYES
South Bay Boat Yard ' 035 035 000 000 NO YES
South San Diego Bay No anchoring permitted
Totals 8,281 7,165 885 1,272 .14 37
This 1list was compiled from, telephone calls, and visual
observations and is current through November 4, 1995,



summary:

The 1995 vessel count shows & general decrease in the area of
anchored vessels by 313. -~ A decrease in the number of anchored

vessels is due +o the Bay Wide Anchoring Plan of June 1, 1995.

The following reported the availability of sewage pump-outs:

Harbor police Float Shelter Island
Kona Kai Marina

Pearson’s Marine service
cortez Fuel Dock

Harbor Island West Marina
Harbor Island West Fuel Dock
Marina Cortez

sheraton East Hotel Marina
sunroad Resort Marina
Glorietta Bay Marina

NAB Fiddler’s Cove Marina
Loews Resort Marina

chula Vista Marina
california Yacht Marina

New pump—outs:
chula Vista Ramp
National City Remp

che major change in anchorages:

vessels entering San Diego Bay need to request & permit to anchor.
There is no fee for permit. Persons reguesting 2 permit can do so
by calling on their radio or stopping at-the Harbor Police Dock on
chelter Island, ©OF by calling 686~6272.



Reg oBsiq ueg 10§ Uolieujwiselaq peo Jaddog rouj

8L/

Juswabeuepy [BJUSWUONAUT payed

£

i -] )
U LU0
< v 231
00E L © o 0z00 EE6ZG) £z 5§95 abelony
00gl GL-SSN
0zz V1-SSN
085 £1-SSN
068 ZL-SSN
05y LLI-SSN
088 0L-SSN
06€ 60-SSN
0es B80-SSN
065 L0-SSN
08e 90-SSN
00¥ S0-SSN
0€9 b0-SSN
06¢ £0-SSN
g8 Z0-SSN
0ge L0-SSN
G R 3 SHiar HE3 Na) Hierd 3 BiE « P 0]

) 0o DA 63 IR

SAYYA LYOd ANV dIHS WO¥d ¥Add0D 40 SEDAVHOSIA TVANNY
AVH O9d1d NVS 0., ONIAYOT ¥8dd0D

4 XIONAddY

] 4%

d0 SHLVINLLSH



oneulLIRtea P

feg obeig ues Jo}

g gNV dTHS WO

SAYVA LVO
AVY 0Odd NVS O

go jaddoD oul B!

¥4 YAdd0oO &

yswiabeuei _EcmEcE;:m Je1/.071

O SAOUVHOSIA TVANNY 40 SALYINLLSH

1L HNIAvo'l AALLOD

g XIONHIDY




Aeg oBei( ues Joj uoneulLLElaQ prOT Jeddo)) "ouj ‘Juswebeueyy [BIUSWIUONAUT [PIF el

£ 0oel 0200 9y£99 L'e 61¢ abetany
081 “0L-WND

0S¢ 60-WNO

029 BO-WNNO

001 LO-ANND

002 90-NND

091 GO0-NO

08 : v0-WND

09¢ €0-NND

0Lt Z0-ND

LO-INO

SAYVA LYOd ANV dIHS WOUA Y3dd0D J0 STOYVHISIA TVNNY 40 SHLVINLLSH
AVH ODHIA NVYS OL HONIAVOT YAJJOD
4 XIANHddV



feg obeig ues 10} yopeuuaiad peoc jeddop oUj nuswabeueN jejuBtUUOHAUL 1/

10 SHLVINLLSH

[HS WOo¥4d 4ddd0D A0 SEOYYHOSIA TVINNY
AYVd 09HId NYS O 9NIAVOT dddd 0D
d XIGNHddY

SAYvA LVOd ANV d



'Q Ues Joj uopey,

Wisjeqg P07 1eddon oup

EmEmmm:mE EEmE:E.S:m K2/ 77 4




s ) 0



